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Machine Switching Offices. 
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Mr 


. P. J. Chesterman, Chief Engineer, ( /*• 

The BelL Telephone Company of Pennsylvania, 




Philadelphia, Pa. 


Dear Sir: 


I am sending you under separate cover three copies 
of preliminary issue of Bulletin No. 17, "Maintenance In- 
structions for Panel Type Machine Switching Equipment." 

This Bulletin describes some of the fundamentals of 
this type of equipment and the operation of some of the more 
important circuits. It also describes the arrangements that 
have been worked out for maintaining panel type machine switch- 
ing equipment and gives considerable information in regard to 
making of tests, adjustments, inspections, replacements, etc. 

As indicated in the title, these instructions were 
prepared specifically for the DougLas-Tyler installation at 
Omaha. However, a large part of the information applies 
to ail installations of this type of equipment, and it is intended 
that each Associated Company will use the bulletin in preparing 
its maintenance instructions for the installations within its 
territory. 

It is expected that this bulletin will be supplemented 
from time to time as additional information can be prepared, 
and as further experience in maintaining working offices 


Mr. E. J. Chesterman 
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suggests other methods. Sections containing maintenance 
instructions for rotary line switches, and information 
covering the operation of batteries on a "floating" system 
are now being prepated and will be sent you as soon as 
possible. A more complete description of the routine testing 
equipment and its method of operation, is also being prepared 
and will be sent you when finished. 

If you need additional cppies of Bulletin Ho. 17 
I shall be glad to send them to you. I- suggest, however, 
that the giving out of this information be restricted to those 
concerned with the maintenance of machine switching equipment. 

Extra copies of the drawings and photographs contain- 
ed in Bulletin 17 havw been printed with the expectation that 
they may be of use to you in preparing instructive matter for 
your plant forces. If you wish any copies of these drawings 
and photographs, I shall be glad to send them to you. 

Yours truly, 

(Signed) H. P. CHARLESWORTH 

Plant Engineer 

Under separate cover: 

3 copies of Bulletin No. 17. 
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Maintenance Instructions 

Fall Mechanical 
MACHISB SWITCHIHO SYSTEM 
Douglas and Tyler Offices. Omaha. 

Foreword 

These maintenance instructions are intended to give 
sufficient information to enable the maintenance forces to tales 
care of the panel type full mechanical system installed in the 
Douglas and Tyler Offices, Omaha, together with the associated 
call indicator equipment. Equipment installed at subscribers 
premises is being covered elsewhere. 

The Bulletin is arranged to serve as a text booh for 
training maintenance men and also to serve as a reference work 
where all of the standard adjustment values etc. needed by a 
trained man can be found. The man in charge of the maintenance 
forces also will find in these instruct lone such items as the 
number of men needed, their organization and necessary quail float loth, 
the various routines which should be maintained, the trouble 
summarise which should be kept, etc. etc. 

Undoubtedly as soon ae some experience has been had in 
maintaining these equipments, changes in these maintenance in- 
structions will suggest themselves, since the Omaha equipment is 
the first of its type to be installed, and, therefore, it has been 
necessary to rely on opinions rather than facts in setting up a 
good many of these instructions. 
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In these instructions no attempt has been made to cover 
features of maintenance now present in manual equipment and which 
will remain unchanged, or substantially so, after the introduction 
of the full mechanical system. The instructions, therefore, cower 
principally features peculiar to full mechanical equipments. This 
information is incomplete in that no instructions are given for 
maintaining rotary switches of the step-by-step type (No. 1200 
selector) or of the power driven type (No. 1202-C selector). 
Preparation of this material is now actively under way, however, and 
it will be issued shortly. A more complete description of the 
routine testing equipment and how it is used is also under way. 

The section on the power plant describes and gives main- 
tenance instructions regarding the new types of power plant equipment 
used with machine switching. Further power plant instructions are 
being prepared, and will be ready shortly, regarding the "floating* 
method of operating the power plant. 

In spite of the fact that the bulletin is not quite com- 
plete, it is thought well to issue it now, since it is felt that the 
Associated Companies are now in need of the information herein con- 
tained. 

Because the bulletin is not quite complete and because 
changes will undoubtedly be desirable as soon as experience has 
been had with a working office the bulletin is marked "Preliminary*. 
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DfYISIOH A 

QBBSBAL 

Section I * General Degcrintion of the System. 

This section gives a general description of the system 
as a whole, and of the equipment which goes to make up the system, 
defining the principal terms used. 

Section II - Description of Apparatus and Maintenance Toole 

( E" " 

Each piece of apparatus is described and with the descrip- 
tion of each piece of apparatus is given a list of the tools used 
for maintaining it, together with a brief description of the purpose 
of the tools. 

Section III - Relays and Message Registers. 

This section describes the various types of relays and 
message registers used in a machine switching office, gives the 
mechanical adjustments to be met by the relay, gives a list of the 
adjusting tools employed and a description of the relay adjusting 
test box used for adjusting relays on a current flow basis. 

Section IT - Theory of Maintenance. 

In thie section the general theory of maintenance is ex- 
plained, telling the purpose and what is to be expected from routine 
tests, routine inspections, tracing tickets, etc. 

PI VISION B 

BULL SECHABICAL OFFICE 

Section I - Organization of the Maintenance Porcea. 

In this section the organization of the maintenance forces 


is outlined and the duties of each type of specialist given. 
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Notes are also given as to the assignments of the 
forces in a typical case for day, evening and night duty. 

Section II - Switchboard Equipment and Method of Operation. 

This section merely advises that the "Method of Operation* 
for Omaha be studied at this stage. 

Section III - Circuit Fundamentals. 

The conventions used on circuit drawings are described. 
Descriptions are given of the operation of various circuit 
features, as for example, the fundamental selecting circuit, the 
circuit for receiving dial pulses, the test circuit by which a 
selector picks out an idle trunk, the final selector test circuit, 
etc. 

Section IV - Circuits. 

Instructions are given as to where to secure information 
regarding the method of operation of circuits, testing and re-adjust- 
ing values of relays, and where to connect the relay adjusting test 
box in order to test and adjust relays by current flow. A descrip- 
tion of the method of operation of the cordless *B* Board is given. 
Section V - Method of Taking Equipment Out of Service. 

Descriptions are given for the various circuits as to how 
these circuits are to be takep out of service either because they 
have been discovered to be in trouble or in case it is desired to 
make inspections, tests or checks of some of the equipment or 
apparatus i nvo 1 ve d . 

Section VI - Plant Desks and Methods of Operation. 

A - Trouble Desk 


Equipment and Methods for: 
Permanent Signals. 
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Numbers incompletely dialed. 

Stuck Senders, 

Testing Interoffice trunks and making them busy. 

Plugging up line equipment 
Forms used for reporting trouble, 

b - Test Desk 

' iv : 

Equipment and methods for testing subscribers* lines, plugging 
up line equipment, and dial testing devices, 
c - Repair Clerk *s Desk 

Instructions for reporting trouble 
d - Chief Switchman’s Desk 

Description of equipment and operation, 

2 - Switchman’s Stand 

Description of equipment and operation, 
f - Floor Alarm Board 

Description of Alarms and action to be taken in response to alarms, 
g • Make Busy Frame 

Equipment described. 

Section VII - Methods of Handling Troubles . 

This section describes the action taken by switchmen and helpers 
in clearing various typical troubles discovered by alarms or re- 
ports. 

Section VIII - Apparatus Adjusting Requirements. 

Values of speed, air gap, spring tension, operating currents, 
etc,, which the apparatus, excluding relays message registers, and 
powa: drive equipment, must be adjusted to meet, are given, for both on 
the frame 3 and at the bench. 
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Section IX * Routine Testa 

This section gives a general description of the routine 
teet equipment for routining line switches, district selectors, 
senders, office selectors, incoming selectors, final selectors, etc. 

frequency of routines and method of carrying them out 
together with forms used for reports are given. 

Section X - Routine Inspections. 

In this section information is given as to what portions 
of the equipment to inspect. Only those portions of the equipment 
are to he inspected which experience has shown are likely to need 
such inspection. Shen adjustments must be made the values to be 
used are also given. These values are repeated in condensed fora 
in section VIII- Apparatus Adjusting Requirements. 

Cautions are also given so that the man making the 
inspection will not interfere with service. 

The forms used for reporting are described. 

Section XI - Routine Checks. 

By the term "routine check" is meant the testing and ad- 
justing of some piece of apparatus, as for example, a current flow 
test of the selector clutches. Instructions are given as to what 
portions of the apparatus to check and how frequently such checks 
should be made. 

Cautions are also given as to how to make these checks, 
without interfering with service. 

The forms used for reporting are described. 

-Sec tion XII z Apparatus Repine ataent s . 

Instructions are given as to how to remove apparatus 
which has been found to be defective and how to replace it with 
apparatus in good repair. 
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Section XIII - General Cleaning. 

The methods and tools used fo r giving the apparatus 
a general cleaning are described as well as the frequency of 
cleaning and forms used for reporting. 

Section XIV - Grose Connections. 

Cross connections at the main and intermediate dis- 
tributing frames. 

Section XV - Lubrication. 

Instructions are given as to the method and frequency 
for lubricating the various portions of the apparatus and what 
kind of lubricant to use. 

Lubrication of the power drive equipment is also covered 
in this section. 

Section XVI - Power Flant. 

A description of the power plant equipment. 

Methods of maintaining new power plant equipment, cleaning 
oiling and inspecting. 

Trouble tickets and reports. 

Section XVI 1 » Trouble Records. 

Trouble summaries made up from the primary records des- 
cribed in the foregoing sections are outlined ana forms for making 
up these records are attached. 

Section XVIII - Power Drive E quipment, 

In this section information is given about drive motors, 
friction roll drives, sequence switch drive shafts etc. 
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DIVISION C 

HSLAY CALL INDICATOR 0??ICE3 

Section I - Switchboard Equipment and Method of Operation. 

A description of the relay call indicator equipment 
and method of operation is given. 

Section II - Circuit gundamentalB^ 

A simplified description is given of the relay call 
indicator circuits, together with the codes employed for dis- 
playing the desired numbers on the relay call indicator apparatus. 
Section III - Relay Call Indicator Circuits. Method of Operation. 

A detailed description of the method of operation of 
the circuits is given. 

g^ctl on„IV - Routine Tests ,jand Inspections. 

A description of the routine testing equipment, and how 
it is used and the frequency of routines. 

Section V - Trouble Routines. 

Method of reporting, clearing and classifying troubles. 

DIVISION y 

CAUTIONS RSGAEi)I^g CAM; PAIRS 

Cautions against throwing selectors off normal or 
reversing trunks. 
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Section I-General Description of fhe System* 


Bach subscriber’s station is equipped with the usual 
form of telephone instrument supplied, however, with a calling 
device known as a dial, which is mounted on the base of the desk 
stand as shown in figure 1. as will be noted in figure 2 this 
dial has 10 finger holes bearing the numerals 1 to 9 and 0, and in the 
0 hole the word »operator". The holes also as described below are 
designated by letters* 

To oaks a call, the subscriber upon referring to the 
directory will find that the designations of stations are like 
those he has been accustomed to with this difference, namely, that 
the first two letters are set off prominently in capitals, these 
first two letters being separated from the rest of the letters 
of the office name by a space thus TY ler* Machine switching 
calls are dialed to the central office by pulling the first two 
letters of the office name and then the numerals. 

The dial as illustrated in figure 2 is marked with the 
complete alphabet except that the letters ^ and Z are omitted. 

The omitted letters are those infrequently required as the first 
two letters of office names. 

One of the advantages of this plan for designating 
telephone numbers is that it leaves the form of listing substantially 


I 

J 
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as at present thus allowing the retention of practically all of 
the existing manual listings. At the same time a plan for dialing 

• v ^ ;4 

the listing in acoordance with a uniform rule is provided, a clear 
indication being given in the listing as to what holes should be 
dialed. 

How a Call is Handled. 

Let us assume that the calling subscriber desires to call 
TT ler 5280. The subscriber will be instructed to first remove 

the receiver and listen for the dial tone which indicates when the 
central office equipment is ready to receive his call. He will 
then insert his finger in the hole over the letter *T*, rotate the 
dial until his finger comes in contact with the finger stop, and 
release the dial. The dial then under influence of a spring auto- 
matically returns to normal. He then repeats this operation for 
the letter *Y» and for the digits 5280, in order. 

A brief description of the progress of the call through 
the apparatus is as follows. As will be seen from Drawing Wo. 706-224 
the line marked calling subscriber in the GA rfield office is attached 
to the brushes of a so-called line switch. when the receiver is 

| 

removed from the switch hook preparatory to dialing the line switch 
selects an idle district selector and the idle district selector 
picks up an idle sender by means of a sender selector. As soon as 

-i 

these connections are made, and they require only a fraction of a 
second, the dial tone is sent out to the calling subscriber as al- 
ready described. 


1 
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yjfaen the subscriber after turning his dial to the finger 
stop allows it to return to normal , electrical impulses consisting 
of breaks in the current are sent out on a decimal basis. That 
is to say when the subscriber dials *f», eight breaks in the current 
are made by the dial as it returns to normal* The sender receives 
and registers these pulses and translates them for use in controlling 
the apparatus, which is not operated on the decimal basis* 

If the subsoriber for any reason should fail to dial all 
the digits of the number, and in case he should then wait for a 
measured time interval, the call will be taken up by a maintenance 
employee known as the sender monitor, and the subscriber advised 
of his error* 


As soon as the two series of pulses representing the 
desired office have been received by the sender, the sender causes 
the district selector to choose am idle trunk to the office desired, 
namely TY ler* As the TY ler office is on an automatic basis the 
trunk will end in the TY ler office on an incoming eelector and the 
sender will cause the call to be routed through this incoming selector 
to a final selector and through the final selector to the particular 
terminal called. The sender is thereupon released. Audible signals 
will then be sent back to the calling subscriber to indicate either 
that the station is being rung or that the line is busy. Should 
the line be out of order the connection will be automatically com- 
pleted to the sender monitor over a plugging up line and the sender 
monitor would advise the calling subscriber that the line is out of 


order. 
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Should the call he for a GA rfield number, that is for 
another subscriber in the same office, the incoming selector chosen 
by the district selector would be in the same office. 

In ease there is not room on the district selector 
multiple for all outgoing trunks, the call would be routed from the 
district selector to an office selector which in turn has access to 
trunks to the desired office. This is shown on the drawing in the 
case of trunks to offices "X* and »Y # . 

When the subscribers have completed conversation and 
hung up their receivers the automatic mechanism is immediately dis- 
connected and returns to normal* 

Analogy between Automatic Switching and Manual Operation. 

prom the discussion given of the completion of a call, 
it will be noticed that there is a rather striking similarity in the 
switching of a call by automatic and manual methods. It will be 
instructive therefore to carry this coaparison out in some detail. 

In manual switching when the calling subscriber removes 
his receiver from the hook a lamp associated with the answering 
jack is lighted. The operator on noting this signal plugs in with 
an answering cord, with the mechanical system the removal of the 
receiver causes the line switch to pick up an idle district selector 
in readiness for the next operation. 

With manual switching the operator next operates her listen- 
ing key and notifies the subscriber that she is ready to serve him 
by asking "Wumber PI ease? * With the mechanical system the sender 

selector attaches an idle sender and this sender indicates its 
readiness to serve by sending out the dial tone. 
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With the manual system the subscriber next gives the 
number desired to the operator orally. with the mechanical system 
the subscriber by means of his dial gives the number to the sender 
el ectrically. 

With manual switching the *A* operator goes in on a call 
circuit to the desired office and gives the number orally to the 
•B" operator in the distant office, obtains a trunk assignment and 
connects the calling subscriber with this trunk. With the mech- 
anical system the sender having received the office code, causes 
the district selector to choose an idle trunk leading to the desired 
office. 

With manual switching, the *B" operator at the distant 

office finds the desired subscribers* number in the multiple before 

her. tests the line to see if it is busy, and if it is not busy, 

plugs in; the ringing being started automatically. If the desired 

line is found busy the ■B" operator plugs the trunk into a busy 

back jack. with machine switching, the sender causes the incoming 

selector to pick out an idle trunk of the group of trunks leading 

to the particular final selectors which handle the group of 500 

lines in which the desired number is located, and then causes the 

final selector to select the line desired. The final selector 

tests the line to see whether it is busy and if not, completes the 

connection, the ringing being started automatically. If on the 
'*• - ' 
other hand the desired line is busy the selector does not establish 

the connection, but gives a busy tone to the calling subscriber. 
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Apparatus employed 

The various pieees of apparatus referred to are illustrated. 

Figure 3 is a photograph of a typical selector frame. 

These frames support five banks one above another each bank arranged 
to accommodate one hundred trunks or lines. Operating in connection 
with these multiple banks, selectors are furnished which appear on 
the photograph as vertical rods each equipped with five multiple 
brushes which travel over the contacts of the banks, the rods being 
moved up and down by means of friction rolls and clutches, shown at 
the base of the frame. 

Figure 4 shows a photograph of a multiple bank. These 
banks correspond closely to the multiple of a manual switchboard; 
that is, lines or trunks are connected to the multiple terminals on 
the banks in much the same way that they are connected to the 
multiple jacks of a manual board. 

Figure 5 shows an important piece of apparatus called the 
sequence switch. This switch performs operations which might be 
accomplished by the use of a large number of relays. The sequence 
switch also makes possible a more positive timing of events than 
could otherwise be obtained. For example, if it is desired to 
close one circuit before another is opened it is merely a matter of 
cutting the cams of the sequence switch* a sample cam being shown in 
the photograph, in a certain way and the order of events is taken 
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The sequence switch, like the selector, is not stepped 

ahead by pulses but is power driven and moves at a uniform rate to 
its stopping point. The little motor shown on Fig. 3 furnishes 
power for both. 

Manual ■A" Positions in Automatic Offices. 

Certain Glasses of calls, such as suburban toll calls, and 
calls for discontinued or changed numbers, require the help of an 
operator. Manual *A* positions are therefore provided in automatic 
offices for this type of service. These positions also care for 
cases where for any other reason subscribers require the assistance 
of an operator. The subscriber can always obtain an operator by 
pulling the hole on his dial marked "Operator." 

These positions are provided with pairs of cords. Bach 
cord pair has a dialing key by means of which a dial can be connected 
in the cord circuit to complete calls to offices equipped to re- 
ceive calls on an automatic basis. If the distant office is a 
manual office the call will appear before a *B" operator at that 
office on a call indicator as described later. 

information desks will also be provided for furnishing 
such information as the public needs. 

interchange of Galls Between Manual and Automatic Offices. 

A subscriber connected with a manual switchboard does not 
need to know whether the subscriber he is calling is connected with 
an automatic or with a manual switchboard. conversely a subscriber 
connected to an automatic switchboard does not need to know which 
type of switchboard the party he is calling is connected with, since 
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he dials all calls in the same manner. 

On calls from a manual to an automatic office the *A M 
operator will cos^lete the call over a call cirouit trunk to a *B* 
operator in the machine switching office in Just the same way as 
if the call were to a subscriber in a manual office. The »B* 
operator in the automatic office is seated before what is know as a 
cordless "B* position, since it has no eords. The cordless "3” 
operator completes the connection by depressing an assignment key 
connected to the trunk she assigns and playing off the desired number 
on a set of numerical keys appearing in her keyboard. A photograph 
of typical cordless ”3" positions is shown in figure 6. 

when an automatic subscriber dials a subscriber connected 
with a manual office the district or district and office selectors 
choose an idle trunk to the manual office as indicated on Drawing 
7?o. 706-224 for SO rth office. a lamp associated with the trunk 
thereupon lights before the *B" operator in the SO rth office who 
is known as a call indicator operator. The call indicator operator 
upon noticing the lsuap depresses a display key associated with the 
trunk. The number desired is thereupon displayed on a device known 
as a call indicator, illustrated in figure 7, so that the call is 
received visually and not orally by the •B" operator. The call 
indicator *3 tt operator thereupon plugs into the line desired in the 
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multiple before her if the line is found to be free. If the line 
is found busy she inserts the plug of the incoming trunk into a busy 
back jack, thus sending a busy tone back to the calling subscriber. 
Should several calls appear before the call indicator "B* operator 
at one time they remain stored up on the senders in the full mech- 
anical offices until the "B* operator pushes the corresponding dis- 
play keys. 

The more important parte of the equipment will next be 
taken up in some detail. 

Subscriber's Line switch Circuit. 

The subscriber's line switch, the purpose of which is to 
attach the calling subscriber's line, when he removes his receiver 
from the hook, to an idle district selector cirouit, is a small 
selector having a multiple of 22 points and is driven by a magnet, 
which breaks its own back contact so that the selector steps itself 
along in hunting for an idle district selector. The selector 
normally stands on the first terminal, returning there when the call- 
ing subscriber hangs up. The second terminal has been reserved for 
a cable failure circuit, but is not now in use, so that the line 
switch passes over this point without stopping. The remaining 20 
points are cabled to district selectors. 

A line relay, a resistance, a cut-off relay and sometimes 
a message register are associated with the line switch to fora the 
subscribers line circuit corresponding to an answering jack circuit 
in manual practice. At the intermediate distributing frame any 

i 

subscriber's line can be connected to any line switch circuit, with- 
out changing the subscriber's number. 
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District selector circuit. 

Bach district selector circuit is provided with a sender 
selector. This sender selector is the same type of selector as used 
for the subscriber* s line switch* and is employed to attach an idle 
sender to the district selector circuit as soon as the district 
selector circuit is picked up. The sender selectors operate on the 
stay-put plan, that is to say, when the district selector circuit 
is dropped by a call, its sender selector remains on the terminals 
it is then occupying and does not return to normal. Hhen the dis- 
trict selector circuit is picked up by a succeeding call, the sender 
selector, if not already standing on an idle sender, hunts until it 

finds one. 

The district selector has access to a total of 450 working 
multiple. Its multiple is divided into five banks of 90 working 
terminals each. Each bank may be assigned by groups of ten or 
multipiss of ten to trunks leading out of the district selector. 

Some of the trunks from the district selector go directly to other 
offices, but since 450 multiple is not sufficient to care for all 
outgoing trunks, some of the district selector multiple is carried 

to office selectors where more trunks appear. 

The district selector has five multiple brushes, one for 
each bank. The method of selection is first to choose mechanically 
the multiple brush having access to the group of trunks desired, and 
then to move the brush to the beginning of the group and then to 
hunt over the group until an idle trunk is found. If no idle trunk 
is available, the selector, after hunting over the whole group, sends 
a busy tons to the calling subscriber* 


. 11 *. 
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The district selector circuit, like an "A* cord circuit* 
contains the usual repeating coil, supervisory relays, and in 
addition various control relays acid a sequence switch to control 
the circuit connections* 

Office selector Circuit. 

The office selector is divided* with regard to its 
multiple* in the same way as the district selector and selects a 
trunk in the same fashion* All of the working multiple appearing 
on the office selectors* however, is connected to outgoing trunks* 
This circuit contains also one control relay and a sequence switch* 

Subscriber's sender circuit. 

The principal functions of the subscriber* s sender are 
to receive pulses from the dial, representing the called office and 
the called number in that office, and then to control the establish- 
ing of the connection* The sender is in use on calls to a full 
mechanical office until the called line has been selected* and on 
calls to call-indicator offices it is in use until the desired 
number has been displayed before the call-indicator operator* 

The device used for recording the pulses as they come 
from the dial, that is, the registers* is a series of stepping 
switches of the same type as the subscriber's line switch already 
described. There is also a stepping switch called the register con- 
trol switch, which after a series of pulses has been set up on the 
first register, shifts the leads to the next register, and so on. 

As soon as the two pulls representing the called office 
are received, a device known as the translator is brought into play. 
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This consists of a power driven rotary switch. It has two banks of 
terminals like those of the line switch, and has a power driven 

shaft equipped with two sets of brushes 180 degrees apart, one set 
of brushes operating in connection with one bank and the other with 
the other. It, therefore, has capacity for 44 terminals. Bach 
called office is represented by one of these points on the translator, 
and the translator seeks this point as indicated by the combination 
of the first two pulls. There are six brushes on the translator 
which are used for the following purposes: 

1. District brush selection, 

2. District group selection, 

3. office brush selection (if any), 

4. office group selection (if any), 

5. Class. 

6. For setting the translator. 

The brushes of the translator can be individually cross-connected 

so that the trunks to TY ler office, for example, can appear any- 

. > 

where on district or office selectors, and the corresponding terminals 
of the translator, by being cross-connected in the proper fashion, 
will route calls for Ty ler effice to the place where that group of 
trunks appears. 

The counting relays, of which there are a group of 20 in 
each sender, are the means used for controlling the selections made 
by the selectors. Briefly, each selector as it moves makes pulses 
by means of its commutator. These pulses are counted by the counting 
relays and the sender stops the selector when the counting relays 
have received enough pulses in accordance with the setting of the 
translator when choosing a trunk or in accordance with the setting 
of the numerical registers when choosing a terminal in a full 
mechanical office. 
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On a call to a relay call-indicator office, aa soon aa 
the trunk has Been selected by the district selectors, or district 
and office selectors, a lamp is lighted on the *B" operator’s key- 
board, as already explained, showing that there is a call waiting 
on that particular trunk. when the "B* operator presses the 
display key of that trunk, several series of pulses are sent out 
by the sender, these being received at the relay call-indicator 
position on a group of relays, common to the position and associated 
with the call indicator. The pulses sent out are not on a decimal 
basis, however, but a condensed code is used. 

The class cross-connection tells the sender how to handle 
the call i.e. whether on a full me chemical or call indicator basis 
etc. The sender circuit also contains sequence switches and con- 
trol relays. 

Incoming and ffinal selector Circuits. 

The incoming selector is so oalled because it is attached 
at a full mechanical office to the incoming end of a trunk. The 
incoming selector chooses a trunk to a final selector* on which ap- 
pears the line of the desired subscriber* The circuit includes a 
repeating coil, supervisory, ringing and control relays and a se- 
quence switch. 

The subscriber’s terminals in a full mechanical office 
are divided into groups of 500 because the final selectors have 
multiple for that number of terminals. Since the total capacity 
of the office is for 10,000 terminal s* it follows that the incoming 
selector must make a choice among 20 groups of 500 subscribers’ 
terminals. 
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This selection is done in two parts. The incoming first 
selects one of its fire banks in accordance with the 2000 group in 
which the called terminal is located, and then makes a choice among 
four groups on the bank in accordance with the particular 500 de- 
sired in that 2000 terminal group, and then chooses an idle trunk. 

The final selector is, like the others, built with five 
banks of 100 lines each, and in choosing a terminal the proper 
multiple brush is first selected in accordance with the hundreds 
digit, then one of ten groups in that bank in accordance with the 
tens digit and finally a particular terminal in accordance with the 
units digit. 

If the called number is a P.B.X. with several trunks, 
the connector hunts over the trunks to find an idle one. 

Associated with the final selector circuit are control 
relays and a sequence switch. 

Cordless »B* Board, 

The trunks incoming from a manual to a full mechanical 
office are known as Cordless “B" Trunks. Each trunk is represented 
before the cordless "B" operator by a set of lamps and keys. When 
the cordless "B* operator has assigned a trunk over the call circuit 
to a calling "A" operator, she depresses an assignment key connected 
with that trunk, and plays up on her keyboard the numerals of the 
terminal desired in the full mechanical office* 

The mechanism required for putting up such connections 


is as follows: 
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The incoming trunk ends in a cordless "B* incoming 
selector. when the "B* operator presses the assignment key, a 
trunk finder is summoned to pick out that particular trunk. The 
trunk finder consists of a small selector on the multiple of which 
the trunks of that position appear. This multiple is of the panel 
type like that of the large selectors. The brushes of the trunk 
finder are attached to the brushes of a sender selector, which also 
consists of a small selector of the panel type. when the trunk 
finder starts hunting for a trunk, the sender selector starts seeking 
an idle •B" sender. The combination of trunk finder and sender 
selector is called a link, and there are fire links individual to 

A . ^ 

each cordless *B* position. 

# 

The "B" operator’s keyboard is associated with the 

link until the "B" operator has •primed" the sender, i.e. until she 

" . j 

has depressed a set of keys representing the called number and this 
information has been sent through the link to the sender. The 
keyboard is then freed for the next call. 

The cordless “B" sender is considerably simpler than 
the subscriber's sender since it need make no office selection, it 
receives its information from the "B* operators* keys in the form 
of code signals which lock up combinations of relays, and then con- 
trols the operation of the incoming and final selectors. The 
senders are used in common by a number of positions. 

M j 

The same final selectors are used- in common by full 


mechanical and cordless incomings. 
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Call-indicator Trunks. 

As previously described, a call waiting on a call- 
indicator trunk is indicated to the call-indicator "B" operator by 
the lighting of a lamp associated with that trunk. This operator, 
by depressing a display key associated with that trunk attaches to 
the trunk a group of relays common to the position and causes the 
sender at the originating office to send pulses representing the 
desired number to these relays. As the relays indicating the 
number desired are locked up, the number is displayed on the M B N 
operator's keyboard, and the sender thereupon disconnects itself. 

The "B* operator has then only to pick up the trunk plug, test the 
line, and if it is idle, plug in. 

Haring given in the preceding pages a general descriptio 0 
of the system, the next section will describe in some detail the 
various pieces of apparatus employed in the full mechanical system 
except relays and message registers which are described in Section 
III. 
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DIVISION A 

GENERAL 

Section II Description of Apparatus and Tools. ( except relays and 

message registers! 

DESCRIPTIONS 

Ho . 1200-Type Selector 

The Ho. 1200- type selector is a step-by-step rotary switch 
used in panel type machine switching offices as a line switch, sender 
selector, register, register control switch, and for a number of other 
similar purposes. Selectors performing different functions differ 
only in the number of bridging and non-bridging brushes on their 
rotors, and in the terminal arrangement of their associated banks. 

The selector consists of a self interrupting motor magnet, 
arranged to rotate a set of brushes by means of a pawl and ratchet 
over a semi-circular bank of terminals associated with the selector. 
The selector is mounted with the axis of the revolving member hori- 
zontal and concentric with the semi-circular bank. It is arranged 
so that when the ratchet is advanced one step the brushes move from 
one set of terminals to the next. Each time the magnet operates the 
pawl is advanced one step and when the magnet armature falls back the 
ratchet is advanced one step. When the magnet attracts its armature 
it also opens a pair of contact springs, so that the selector may be 
wired to be self interrupting. 

Figure 8386 is a photograph of a selector mounted on its 
terminal bank, and an assembled rotor, figure 10299 shows a selector 
and its terminal bank as separate units and figure 10293 shows a 
number of such selectors mounted on a frame. 
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The bank associated with a selector has a capacity for 
6 arcs of 23 terminals each suitably insulated and clamped between 
two semi-circular plates one of which has an elongated portion at 
each end which is bent through 90® to form brackets for mounting. 

These terminals are assembled on this mounting and provide wiping 
contacts for the brushes on their inner surfaces and soldering lugs 
for the bank wiring on their outer ends. The first set of terminals 
on the bank known as feeder terminals are used for terminating the 
circuit to the brushes. Sach such terminal consists of two flat 
springs which extend to the rotor shaft where they spread out from 
each other so that each spring rests on the slip ring portion of 
the corresponding brush spring, thus establishing the circuit to 
the brushes. 

The contact brush for each are of terminals consists of 
two flat metal strips so formed that each spring rests on the 
opposite sides of the same terminal when in the contact position. 

At the mounting shaft these brush springs are so formed as to pro- 
vide the slip rings used for establishing the circuit to the brushes. 

On the brush shaft there is a ratchet wheel with teeth 
cuttings corresponding to the spacing of the bank terminals. The 
brushes suitably insulated in pairs from each other and from the 
shaft are clamped between the ratchet on one end of the rotor shaft 
and a clamping nut at the other end. The indicating wheal is 
numbered and spaced to correspond to the spacing of the bank terminals. 
The rotor is mounted on the selector frame by suitable bearings and 
can readily be removed from it as a unit. 
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The frame of the selector is a metal punching which provides 
a means for supporting the rotor concentric with the multiple bank 
and brackets for supporting the motor magnet, its armature and in- 
terrupter springe. The selector is fastened to the multiple bank 
by two screws, the upper hole being slotted to facilitate removal. 

This arrangement is convenient for maintenance purposes since it 
makes the rotor, the motor magnet and the operating mechanism readily 
removably from the multiple bank as a unit. This screw is also used 
to support a card holder. The selector frames beneath the ratchet 
is slotted to permit vertical adjustment of the overthrow stop. An 
Indicator pointer is mounted adjacent to the indicating wheel to 
designate the position of the brushes on the terminals. Ths iso tor 
magnet is mounted beneath the rotor on a bracket,' which also provides 
a support for the interrupter springs. The magnet is supported by a 
roundheaded machine screw which passes through the center of a stud 
called the core adjusting check nut, which is screwed into the sup- 
porting bracket and secured by the core clamping nut. By varying 
the position of the cors-adjusting check-nut, the position of the 
magnet and armature air gap can be adjusted. The position of the 
stationary contact of the interrupter springs is adjusted by bending 
the contact springs bracket against which this spring rests. The 

armature is pivoted on a bearing pin supported by two armature bearing 
lugs extending from the frame, the pin being held in place by one 
screw to facilitate the removal of the pin and armature. The pawl 
is attached to the armature by means of a flexible reed spring, the 
tension of which holds the operating pawl against the ratchet. The 
armature also carries an insulated stud which operates the interrupted 
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springs. The tension of a spiral spring between a lug on the 
armature arjd a lug on the frame tends to maintain the armature 
against the backstop and the operating pawl against the ratchet 
and overthrow stop, thereby preventing the Inertia of the moving 
parts from carrying the brushes beyond the desired terminals. Be- 
neath the armature is an adjustable backstop to limit the travel of 
the armature. The retaining pawl which bears against the ratchet 
and prevents the backward movement of the rotor is mounted on the 
frame so as to be adjustable. 

Tools for So. 1200-Type Selector Maintenance. 

The following is a list of special tools designed for the 
maintenance of Ho. 1200- type selectors: 

Name of Tool Code Ho . 

The Motor Spring Lug and Contact Spring Bracket 

Adjusting Tool Tool No. 233 

The Contact Spring Adjusting Tool * * 234 

A Wrench, 3/16 * x 5/8" • * 243 

A Wrench, 5/16" x 3/8" " * 244 

Ho. 200- type selector blocking tool " " 

The Ho. 233 tool is of the double ended type, one end being 
used for adjusting the contact spring bracket and the other the motor 
magnet spring lug. 

The No. 234 tool is used to adjust the interrupter contact 
springs of the selector motor magnet. 

The Ho. 243 tool is a double ended, closed end wrench, 

3/16" x 5/8". The 3/16" end is used on the indicator pointer screw 
and the 5/8" end in adjusting the core clamping nut. 
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The Ho. 244 tool is a double ended open end wrench, 5/16* 
x 3/8". The 3/8" opening is used on the pivot screw nut and on the 
overthrow stop screw; the 5/16" opening on the core adjusting eheck 
nut. 

The Multiple Bank 

The multiple bank in panel type machine switching offices 
is the assembly of terminals which are selected by the selector 
mechanism and to which the multiple brushes connect when tripped. 

It consists of a number of superimposed metal strips separated from 
each other by strips of insulation the whole being held together by 
a bolted metal framework. Each metal strip is formed with a number 
of contact terminals on each edge with which the sets of multiple 
brushes on each side of the bank may make contact. Eaeh metal con- 
tact strip is also provided with a soldering lug at one or both ends 
of the strip to which the trunks or lines are cabled. The bank 
usually includes on its framework a strip of brush guides at the top 
and bottom known as "the comb" to guide the brushes and prevent their 
snagging on the terminals. 

The contact strips are arranged so that the contact terminals 
form vertical rows and so that these rows are grouped in threes. The 
center row of each set of terminals is known as the sleeve or test 
and the two outer as tip and ring. Each strip provides one terminal 
per group of three rows and duplicates this arrangement in all groups 
of vertical rows, i. e., one strip may be the test lead and will pro- 
vide one center terminal in all groups of three vertical rows. A 
multiple brush therefore to obtain a connection with a tip, a ring and 
a test terminal will make contact with terminals from three adjacent 
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strips in the bank, consequently these 3 terminals will not be in 
horizontal alignment. Three such strips are always used in establish- 
ing & connection and the group of three is called a "line" or "trunk". 
The three strips which provide such a set of "line" terminals also 
provide multiples of these terminals at the same height on both sides 
of the bank, hence the term "multiple bank". The numbers of groups 
of terminals on any line provide terminals for connection with a 
corresponding number of selectors and the bank therefore is said to 
have a given "selector capacity" usually 60, 30 on each side. Panel 
type banks for different uses in machine switching offices differ 
only in their "line capacity" and "selector capacity". 

The two sides of a bank differ in their terminal arrange- 
ment and are designated "front" and "rear". The upper terminals of a 
"line" are the tip terminals, the intermediate, the ring and the lower 
the test, or sleeve. On the frontside of a bank the tip terminals 
form the left hand row in the line groups, the ring terminals, the 
right and the sleeve terminals, the center. On the rear side the 
tip terminals form the right hand row, the ring, the left and the 
sleeve, the center as before. The term "front" is stamped on the 
upper frame member. 

Banks are mounted by being bolted through the holes at 
the four corners to adjustable mounting brackets which are adjusted 
to hold the oank in a vertical plane when initially installed and the 
adjustment of which should not be disturbed in the removal or replace- 
ment of the bank. At each end of the lower frame member is an adjust- 
ing screw and check nut used to obtain horizontal alignment of the bank. 
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Figure 3932 is a side and top view of a multiple bank which 
shows the arrangement of the rows of terminals. Figure 10493R shows 
the multiple bank together with a terminal strip and an insulating 
strip. 


Hame of Tool 

Code Ho . 


Carrier for r ©moving and replacing Banks 

Tofcl Ho. 

230 

Gauge for resetting Banks 

Gauge " 

61 

Guide for removing and replacing Banks 

Wrench 3/8* x 7/16" Hex. (removing and 

Tofcl * 

237 

replacing Bank) 

Tool * 

245 


The above tools are multiple bank removal and replacement tools, 
their use being indicated above. 

The Multiple Brush Rod. 

The multiple brush rod is the part of the selector mechanism 
which supports the multiple and commutator brushes (described later) 
and is, therefore, mounted vertically before the multiple b ank a . 

The rack (described later) is coupled to the lower end of the 
brush rod and supports its weight when off normal, the rack coupling 
engaging a slot in the rod. The brush rod is held in place and guided 
py bearing plates at the bottom of each bank except the lowest one. 

On frames equipped with vertical trip rods a yoke is fastened to the 
brush rod just above the lowest brush in place of a bearing at the 
bottom of the lowest bank. A forked end on the yoke fits over the 
trip rod which tends to guide and steady the lowest brush when it is 
tripped and in use. 
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Flat stripe of metal which fit around the brush rod and are 
secured by a screw on each are used to limit the travel of a selector. 
The one placed above a brush to limit the upward movement is called 
the "upstop collar*; the one placed below a brush to limit the down- 
ward movement and to hold the selector in place at "normal * ia called 
the "down atop collar*. 

The wiring from the commutator brushes to the multiple 
brushes and between the multiple brushes on the brush rod is carried 
inside the rod all being wired in parallel. The wires are brought 
out above each brush through a hole equipped with a metal bushing to 
prevent the insulation on the wires from being cut. 

The panel typo selector has a maximum travel which is 
only slightly greater than the height of a multiple bank but it can 
connect to any bank on the frame by means of the multiple brushes and 
the associated tripp lag mechanism. On each selector rod there is 
rigidly attached one multiple brush for each bank on the frame, the 
brush contact springs being normally held apart to prevent contact 
with the bank terminals as the selector moves up or down. To make 
contact with a set of terminals in a bank the brush in front of this 
bank must be mechanically "tripped* which permits the springe to make 
contact with the terminals. 

Fig. 1127b shows a typical multiple brush, a front and side 
view of the brush in the normal and a front and side view of the brush 
in the tripped position. Fig. ©052 shows the manner in which the trip 
finger is engaged by the trip lever on the trip rod. 
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The brush consists of a metal framework supporting suitably 
Insulated contact springs, two inner and two outer springs, the inner 
pair being bent in such a manner as to retain a spring- separating 
device either in the normal or tripped position. In the normal posi- 
tion the spring- separating device keeps the two inner springs separated 
which in turn separate the outer ones so that the brush does not make 
contact with bank terminals during any movements of the selector rod. 
However when the spring- separating device is unlatched or “tripped* 
the brush springs make contact with any bank terminals opposite which 
they may be carried by the selector. 

The spring- separating device is a hinged metal detail which 
forms the trip and reset levers and carries a pair of rollers which are 
wedged between the inner springs when the brush is in the normal posi- 
tion. The tripping mechanism engages the trip lever to *trip" the 

) 

brush and so swings the rollers out from between the inner brush tips. 
As the selector returns to normal the reset lever strikes against the 
resetting plate which restores the brush to the normal or untripped 
position. 

The brush is mounted on the selector rod by a clamp which 
is tightened with a single hex-headed screw. The brush can be read- 
ily removed from the selector rod after loosening the two round-headed 
screw through the slotted holes in the yoke. 

The contact springe of the brushes span the terminals, the 
two inner springs making contact along the edge on each side of the 
terminals in the center row and the outer springs on the outer edge 
of the terminals in the outer rows. On trunking hunting selectors 
i. e. district, office, incoming trunk finder and sender selector 
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Both sleeve springs are in circuit, one making contact with one side 
and the other with the other side of the same terminals, the springs 
being staggered to produce the same effect as a wider brush. On final 
selectors one center spring only is in circuit. The other spring 
having no circuit contact is given a tension adjustment to balance the 
brush. All contact tips with the exception of the sleeve contacts of 
trunk hunting selectors are provided with insulating shoes in which 
a contact terminal is imbedded, the shoes acting as a guide for the 
brush springs. 

Multiple brushes are divided into two general types, one 
for use on the "front" side of multiple banks and the other on the 
"rear". The contact tips of each type correspond to the terminal 
arrangement on its side of the bank and the two types are therefore 
not interchangeable. On "front" side brushes the tip circuit is 
wired to the left hand brush springs and the ring, to the right; on 
"rear" side brushes these connections are reversed i. e. the ring 
circuit to the left and tip to the right. 

The Ho. 256 tool is used in adjusting the spring tension 
of multiple brushes. The Ho. 220 tool is a socket wrench used in 
adjusting the location of multiple brushes on the selector rods and 
also for their removal. 


The Commutator 

The commutator is the part of the selector used in making 
selections and in maintaining the circuits to and from the multiple 
brushes. It consists of a flat bar of insulating material in both 
sides of which are imbedded a number of metal contact strips. The 
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feeded side of the commutator contains a number of narrow contact 
strips, the interrupter side, a number of wide slotted contact strips 
and in some cases one or more of the narrow feeder strips. The com- 
mutator brushes are mounted at the top of the multiple brush rod and 
tr&rerse both sides of the commutator. The wires from the multiple 
brushes which are all wired in parallel pass up through the hollow 
brush rod and thence to the commutator brushes which make contact with 
the feeder strips. The upper ends of these strips end in soldering 
terminals to which the external circuit connects. Likewise the ex- 
ternal circuit used in making selections may connect to other feeder 
strips and is extended through the feeder brushes and wiring to the 
interrupter contact brushes, to the slotted interrupter strips and 
to the external circuit. 

The accompanying photograph 7962 shows 2 views of a typical 
commutator mounted on its mounting plates and the upper portion of 
the multiple brush rod supporting the commutator brushes in place 
on their contact strips. One view shows the feeder side of the 
commutator and the feeder brushes; the other the interrupter side 
and the interrupter brushes. 

Cosbbu tutors are approximately 1-9/16" wide, 11/32" thick 
but vary in length according to type. Since the various types serve 
different purposes, they differ somewhat in the form, the number and 
arrangement of the feeder and interrupter contact strips. 

The top and bottom of each commutator are inserted in slots 
in the mounting plates located above the top multiple banks. The 
bottom is held in place by a spring or clip and the top by a small 
bar or yoke fastened with two screws. 
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The Cluteh 

The cluteh is the part of the selector mechanism used in 
panel type machine switching offices which applies power to elevate 
and lower the multiple brush rod and supports it when in the elevated 
position. Clutches may successively elevate the brush rod at high 
and at low speed as for a final selector or elevate at high speed only 
and so these two types are designated as "two-speed 1 * and "single- speed* 
respectively. The trip magnet and mechanism for rotating the trip 
rod are mounted on the framework of clutches which are arranged for 
brush tripping. The cluteh proper performs its functions in conjunc- 
tion with the friction rolls of the power drive unit and is therefore 
mounted with a number of others directly in front of these rolls. Bach 
clutch supports on its frame some or all of the following parts: 

(1) The up-drive magnet and roller (high speed) 

(2) The up-drive magnet and roller (low speed on final 

selectors only) 

( 3) The pawl 

(4) The trip magnet and trip armature 

(5) The down magnet, roller and pawl trip lever. 

The operation of the cluteh is as follows: 

The high speed up-drive clutch is first energised and its 
roller presses the rack against the high speed up-drive friction roll 
driving the rack and brush rod upward at high speed (about 60 terminals 
per second). At the height where brush selection is to take place the 
up-drive magnet is de-energised removing the up-drive power. The pawl 

which is normally in engagement with the rack enters a slot in the rack 
at this point and holds the rack and brush rod in place. The trip 
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magnet then operates to rotate the trip rod as described in detail 
later under "Tripping Mechanism". The high speed clutch magnet is 
then again energised to trip the brush and carry it to the desired 
group of terminals and then to choose an idle trunk in the proper 
group. In the case of the final selector, this last operation does 


not take place, but the slow speed up-drive power is applied by ener- 
gising the slow speed up-drive magnet to choose the proper terminal. 

In restoring the selector to normal the down-drive magnet is 
energised and attracts its armature, which first disengages the pawl 
from the rack due to the movement of the pawl trip lever and then lowers 
the rod by friction against the down-drive roll. 

Figure 10305 shows two views of a 2 speed clutch, one view 
showing the clutch with one of its frame stampings removed exposing 


its working parts, figure 10295 shows a number of clutches mounted 

in front of the friction rolls and figure 10292 shows a closer view 

/ 

of the mounted clutches and tripping mechanism. 

The clutch frame consists of two metal stamping provided 
with a number of brackets for supporting the operating magnets. Por- 
tions of the magnets* cores are clamped between pairs of these brackets 
sometimes provide the trip magnet armature with a suitable mounting 
about which it has a limited rotation in the horizontal plans. One 
frsae stamping also provides a cable support for the wiring to the 
magnets from the terminals mounted at the bottom part of the clutch. 

It likewise provides suitable front and back stops for the drive magnet 
armatures. The frame provides an arrangement for mounting the dutch 
which permits rapid removal and replacement. The clutch is held in 


place at the top by two lugs which fit into slots in the mounting plate 
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and at the bottom by a large screw the head of which spans a slot 
in the framework. A locating spring on the frame bears against an 
angle iron on the frame and serves to hold the mounting lugs against 
the outer edges of their slots. 

To dismount the clutch it is only necessary to move the 
selector up by hand, uncouple the rack, allow the brush rod to descend 
until it is stopped by the down stop collar, loosen the clutch screw 
and then after unsoldering wires, remove the clutch. 

The up-drive and down-drive magnet armatures are mounted 
beneath their respective magnets being pivoted on bearing pins on 
the inside i.e. near the friction rolls, and at the other ends rest 
normally against their respective backstops. Each drive magnet 
armature has two small bosses under each magnet pole, which are called 
"non- frees ing discs* since they prevent the retention of the armature 
after the magnet is de-energised. On each bearing pin there is also 
pivoted a bell crank lever with a roller mounted on one arm, the other 
extending under the armature and attached to it by an adjustable re- 
tractile spring. The arm and armature are separated by an adjustable 
screw fitted with a clamping nut. The down-drive bell crank lever 
also carries the pawl trip lever, against which the lower end of the 
pawl rests. 

The trip magnet armature has two arms on its working end, 
the lower one limits the armature travel away from the magnet and 
uses the cluteh frame as a back stop, the upper one bears against the 
trip lever and rotates the trip rod rotating lever when the trip mag- 
net operates. Under pressure from its spring the trip rod rotating 
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lever bears against the upper arm of the trip magnet armature to hold 
it against its backstop. An L-shaped metal piece is secured to that 
portion of the trip magnet armature which lies adjacent to and between 
the magnet poles, the short end of the L extending around the end of 
the inner magnet pole. The L-shaped piece is provided with a non- 
freezing disc under each magnet pole. 

The pawl is a lever provided with a small tongue which 
engages the slots of the rack to prevent it and the brush rod fro* 
falling back after being driven to the desired height. It is mounted 
above the down-drive roller and is attached to a retractile spring 
which serves to hold the pawl against the rack or in a slot when the 
down-drive magnet is not energized. When the down-drive magnet Is 
energized, the pawl is disengaged from the rack by the action of the 
pawl trip lever mounted on the down-drive roller arm before the rack 
is pressed against the down-drive roller. 

The clutch is also equipped with 2 guides for the rack 
and a sight plate. The sight plate combined with the markings and 
numbering on the rack give an easily observed indication of the num- 
ber of the terminals on which a brush may be resting. This is very 
useful in maintenance work. 

Special Tools for Clutch Maintenance. 

The following is a list of special tools developed for 
clutch maintenance together with their respective code numbers: 

1 SMS, of U k Code Bo. 

.015* Thickness Gauge (Bin. Sap Bet. Ad- 
justing Screw & Holler Lever, Down Drive) Gauge Bo. 54 

.025* Thickness Gauge (Bax. Gap Bet. Adjust- 
ing Screw & Roller Lever, Down Drive) " 


m 


56 
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.028" Thickness Gauge (Min. Gap Bet. bent 
end of Armature & Core, Trip Magnet) 

.052” Thickness Gauge (Max. Gap Bet. bent 
end of Armature & Core, Trip Magnet) 

.093" Thickness Gauge (Min. Gap Bet. non- 
freezing disc, on Armature St Core, Trip Magnet) 
.125" Thickness Gauge (Max. Gap Bet. non- 
freezing disc, on Armature <& Core, Trip Magnet) 
.122” Rod Gauge (Min. Gap Bet. back stop 
and Armature, Down Drive) 

.138" Rod Gauge (Max. Gap Bet. back stop 
and Armature, Down Drive) 

.162" Rod Gauge (Min. Gap Bet. back stop 
and Armature, Up Drive) 

.178" Rod Gauge (Max. Gap Bet. back stop 
and Armature, Up Drive) 

.016" & .022* Double ended thickness Gauge 
(Min. 3b Max. Air-gap, Up Drive Armature) 

^freneh for Adjusting Armature Spring 
Pawl Trip Lever Adjusting Tool 
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Code Ho • 


Gauge Ho. 57 


" " 58 


* " 59 


• * 60 


• » 49 

i 

1 

" " 50 


" " 51 


* " 52 


* " 46 

Tool No. 222 


1 


j 


" " 223 


The titles, and notation in the above list of tools indicate their 
use on the clutch; more detailed instruction in their use will be 
found in the "Maintenance Instructions* . 

The Rack 

™Be rack is the part of the selector mechanism used in 
panel type machine switching offices to whieh the power is applied 
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to elevate and lower the multiple brush rod and which supports the 
selector rod in the elevated position. It consists of a flat strip 
of metal attached to the lower end of the selector rod and extending 
downward immediately in front of the friction rolls between the rolls 
and the clutch magnet rollers. When a dutch magnet is energised 
its roller presses the rack against the revolving friction roll which 
drives it up or down carrying the attached selector rod with it. In 
all the upward movements of the selector the dutch pawl engages with 
a series of horizontal slots in the rack and so prevents the selector 
from falling back when the up drive power is removed. When the down 
drive magnet is energized the pawl is first disengaged. 

Hacks of various types differ in length and slot arrange* 
ment. All racks are provided with a series of slots spaced so as to 
engage the clutch pawl and hold the multiple brushes in the proper 
relation to the terminals of the associated multiple banks. On 
selector frames equipped with vertical trip rods the rack has as ad- 
ditional number of slots spaced to hold the multiple brushes in the 
proper positions for brush tripping. 

In order that the number of the terminal on which a selec- 
tor is resting may easily be determined the rack is provided with 
suitable designations for obtaining a "rack reading 1 ". Numerals are 
stamped near both edges of the rack spaced so as to give the direct 
numerical reading at the sight plate of every tenth position beginning 
with aero and counting downwards on the rack. Slots numbered 10, 20, 
30 etc., are extended slightly to the right and 15, 25, 35 etc., are 
extended slightly to the left in order to aid in taking the rack read- 
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Secured to th# upper end of the rack is the coupling: pin 
provided with a circular groove near the upper end and a soring clip 
the tip of which is bent to engage the groove. The pin inserted into 
the end of the hollow brush rod and the tip of the spring engaged is 
the groove through a slot in the rod forms the detachable rack 
coupling. 

Figure 8088 shows a number of racks in use: 

The Commutator Brash 

The commutator brushes are a set of springs used for extend- 
ing the circuits from the commutator to the multiple brushes and for 
making and breaking selecting and signaling circuits. They are suit- 
ably mounted on the commutator brush frame and make contact with the 
contact strips on both sides of the commutator. The photograph 
accompanying the description of the commutator shows a set of com- 
mutator brush springs mounted and in contact with a commutator. The 
brush contact tips are bent so as to be at right angles with the com- 
mutator surface. 

The commutator brush frame is secured at the top of the 
selector rod by an adjustable damp. 

Special Tools for Commutator Brush Maintenance 

The Commutator Brush Adjusting Tool, Code Bo. 224 is used 
for adjusting the spring tension of commutator brushes and for bend- 
ing the contact tips into their proper position. 

The Tripping Mechanira 

For the purpose of tripping the multiple brushes of a panel 
type selector to enable them to make contact with the multiple banks 
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a tripping mechanism is employed. It consists of a long vertical rod 
of small diameter known as the "trip rod* mounted directly behind each 
brush rod, i.e. between it and the multiple bank. The trip rod passes 
through the bearing plates of the multiple brush rod which serve to 
hold it in place. At the bottom of the rod where it passes through 
a hole in the clutch mounting plate the trip rod rotating lever is 
clamped to the rod by a screw. A flat strip of metal fitting around 
the rod and secured by a screw is mounted on the rod immediately be- 
neath a bearing plate and limits the vertical movement to the desired 
amount of end play. The rod is free to rotate in its bearings about 
the axis and in operation it moves through an arc of about 30®. The 
rotation is produced by the trip magnet armature which bears against 
the trip rod rotating lever and opposes the tension of a retractile 
spring attached to the lever which tends to hold the rod in the normal 
position. 

There are five small trip fingers on the rod so placed that 
as the multiple brushes move up and down with the trip rod in its 
normal position the trip levers on the brushes will pass by one side 
of the fingers without touching them. When the trip rod is rotated 
the trip levers pass by on the other side of the fingers without 
touching. It is arranged to trip one brush at a time and so ths 
spacing of the trip fingers on the trip rod is slightly greater than 
that of the multiple brushes on the brush rod. Consequently when the 
rod is raised to the first tripping position and the pawl engages the 
first slot in the rack the lowest trip finger on the rod is so located 
as to be directly opposite the trip lever of the lowest brush, but on 
account of thsir greater spacing the remaining trip fingers are above 
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their corresponding brushes. If the rod is now raised so that the 
pawl engages the second slot the second trip finger and brush trip 
lever are opposite each other and the brush rod is in its second 
tripping position. The brushes above the second one are still be- 
low their trip fingers but the lowest brush has now passed above its 
trip finger. It will therefore be seen that whenever any brush is 
in its tripping position the trip fingers for the brushes above it 
are below their respective trip fingers and the brushes below the one 
to be tripped are above their respective trip fingers. 

The trip fingers are mounted so that they can rotate in- 
dependently of the rotation of the rod itself. They are normally 
held against a rigidly fastened stop on the rod by means of a retrac- 
tile spring. To trip a brush it is therefore necessary to bring it 
into its tripping position and to then rotate the trip rod. The trip 
finger will engage the trip lever of the multiple brush and be held 
against it by its retractile spring. If the clutch is now energised 
to drive the brushes upward the trip finger having no vertical motion 
will oppose the upward movement of the brush trip lever and so trip 
the brush allowing its contact springs to press against the multiple 
bank terminals as soon as the brush is carried high enough to bring 
them in its path. In this rotation of the trip rod the remaining 
trip fingers passed either above or below their respective brush trip 
levers without touching them. 

Drawing 706-218 shows the relative positions of the trip 
fingers, the multiple brush trip levers and the segments of the 
commutator which are the ones used in brush selection. Only one trip 
rod with the position of three of its trip fingers, 0, 1, and 2, is 
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shown. Four brush rods with three of their multiple brushes and 
their commutator brushes are shown. 

"A" is shown in its normal position. 

*E* is shown in a position ready for tripping the "0" brush. 

•C* is shown in a position ready for tripping the Ho.l brush. 

•D* is shown in a position ready for tripping the Ho. 2 brush. 

The distance of travel of the brush support before the dif- 
ferent brushes are in the position to be tripped is also shown. The 
relative position of each brush to the bottom of the bank at the time 
the brush is tripped is also indicated. It will be apparent from the 
sketch that the distance the upper brushes travel after being tripped 
is less than that for the lower ones. 

The brushes are automatically reset on returning to normal 
by the "reset lever* on the multiple brush striking against the bearing 
plate at the bottom of the multiple bank, with the exception of the 
lowest brush the reset lever of which strikes against the "reset plate. 

The Frietlon Roll Drive 

The friction roll drive is the means of transmitting power 
from the drive motor to the friction rolls. It consists of a frame 
supporting the motor driven up and down-drive friction rolls and 
usually an arrangement for driving the sequence switch drive shafts 
on a frame. Fig. 10721-H shows a typical single-speed drive before 
installation. Fig. 10719-B shows the motor end of a drive with the 
gear case cover removed exposing the gearing, the driving worm and 
casing and the motor stop alarm governor weights and its casing. Fig. 
10723-R shows the gear case at the driven end with the cover removed. 
Fig. 33-185967- A shows the layout of single unit and double unit motor 
drives. 





10 71- J 
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All drives hare two sets of rolls, one for each side of a 
frame. There are usually two rolls per side, the high-speed up- drive 
and the down-drive, except on final frames which have an additional low 
speed up-drive on each side. These two types are therefore designated 
as "single- speed” and "two- speed" respectively. As shown in Fig. F3- 
195967-A each side may he driven by an individual motor or connecting 
shafts may be used so that one motor drives one side of two adjacent 
frames. The clutches are mounted on each side of the drives and 
since the clutches are of the two-speed, and single-speed types the 
mounting plates on the drives are arranged to accommodate these sizes. 

Referring to Fig. 10721-R it will be seen that the drive 
shown in the figure is of the single-speed type and arranged for double 
unit drive, i.e., the front pair of rolls are arranged to be driven by 
connecting shafts from another drive at the right while the rear pair 
of rolls are to be driven directly from the motor attached to the half- 
coupling shown at the left end. These rolls are steel shafts with 
bearing surfaces at each end and covered throughout the major portion 
of their length with & smooth cylindrical layer of cork securely at- 
tached to the steel surfaces underneath. The figure also clearly 
shows the frame channels above and below the rolls to which the mount- 
ing brackets are attached at both ends. The upper and lower channels 
ere supported at the proper distance from each other by the tie rode 
at each end secured to the brackets. The rolls terminate in gear boxes 
at one end and bearing boxes at the other which for one set of rolls 
are mounted independently of those for the other set. These gear 
cases and bearing boxes are mounted on pivots above and below them 
which pass through adjustable eccentric bushings which are primarily 
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intended to provide adjustment of the rolls in the horisontal plane 
hut also permit of considerable vertical adjustment. A pump in each 
gear case in addition to circulating the oil at its end of the rolls 
also supplies a flow of oil to the hearings at the other end of its 
rolls. In Big. 1Q721-B the oil feed pipe from the pump at the bottom 
of the gear case to the right can be clearly seen to extend to the top 
of the bearing box at the left. The drain pipe at the bottom of the 
bearing box which returns the oil to the pump is also clearly shown 
as well as the oil eight gauge above the pump. The resetting plats 

against which the reset levers strike to restore the multiple brushes 
to normal on descending selectors is seen in Big. 10721-R on top of 
the upper frame member. Immediately beneath the resetting plate is 
the upper clutch mounting plate into whieh the clutch mounting lugs 
are placed. Above the lower frame member the lower clutch mounting 
plate and a row of the large headed screws for holding the lower ends 
of the clutches in place may be seen. A multiple bank mounting lug 
may also be seen attached to the ucper mounting brackets at each end 
of the drive. 

Big. 10719-R is a detail view of the motor end of a drive 
with the gear case cover removed exposing the gearing, of the driving 
worm and its casing and of the motor-stop alarm governor weights and 
governor casing. Big. 10719-R also shows a close view of the mounting 
of the gear case and of the bearing box on pivots secured through the 
eccentric bushings. The system of spiral gearing of the driving end 
operates as follows: the driving worm is coupled to the motor and 
rotates at about 1800 R.P.M.; it meshes with the lowest gear shown in 
the end view which drives the lower vertical shaft. 


The upper gear 
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on thia shaft drives the gear on the up-drive roll shaft and it in 
turn drives the down-drive roll shaft and gear mounted above it. Both 
the high speed up-drive and the down-drive are driven at 64 the 

low- 3 peed up-drive on final frames being driven at 16 R.P.1S. Back of 
the gear on the upper roll shaft is another gear, not shown in the 
figure, which drives a gear at the left on the upper vertical shaft. 

This shaft passes out of the gear case and drives the sequence switch 
drive shaft at 36 R.P.M. A thrust bearing beneath the sequence switch 
drive shaft coupling consisting of three flat rings running in oil bears 
the weight of the sequence switch drive shaft and of the upper vertical 
shaft which drives it. The pump and its case is attached to the gear 
case below the lower vertical shaft which drives the pump. The figure 
shows the gear case oil feed pipe which supplies oil to the upper 
gears. The oil is supplied to all friction surfaces by a splash 
distribution and returns to the pump through the screen at tho bottom 
of the gear case. All bearings are ordinary cast iron journal bearings 
in the gear case with the exception of the driving worm bearings which 
are lined with a special bearing metal. Both lower roll shafts ex- 
tend at both ends through their gear, or bearing boxes so that connect- 
ing shafts may be attached at either, or both ends. If no connecting 
shafts are attached the shaft ends are covered by guards such as is 
shown over the end of the lower roll on the right. The figure shows 
the ball thrust bearing to the left of the worm and the mo tor- stop 
alarm governor weights on the end of the worm shaft. 


Figure 10 723- B shows the driven end of the drive with the 


gear ease cover removed. This end is referred to as the "driven" end 
because the rolls to the left are driven from a connecting shaft attached 
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to the end of the lower roll. Likewise the motor at the opposite end 
of the rolls to the right may drive additional rolls by means of a 
connecting shaft attached to the end of lower right hand roll shaft. 

The style of guard used in such cases at the end of the shaft is 
clearly shown in the figure. The power for driving the rolls on the 
left is received on the end of the lower roll from a connecting shaft 
from another drive. The lower roll being geared to the upper one as 
shown in the figure drives the upper roll. Back of the gear on the 
upper roll shaft is another gear, not shown in the figure, which drives 
the vertical gear and shaft at the left. The upper end of this shaft 
is attached to the sequence switch drive shaft coupling; its lower end 
is attached to and drives the pump; its weight as well as that of the 
sequence switch shaft is supported on the thrust bearing beneath the 
coupling as previously described. 


Where the roll shafts enter the gear - or bearing-boxes. 


an arrangement is provided for preventing oil leakage. The hole in 
the gear - or bearing-box, is of slightly greater bore than the dia- 
meter of the shaft and passes through three thicknesses of metal 
separated from one another by annular air spaces cored in the side 
of the box. When the oil collects in sufficient quantity on the shaft 
it fills one or more gaps between the shaft and the rings of metal 
around it and drains off into the annular spaces and back into the 
bottom of the gear - or bearing-box. 


The motor-stop alarm shown in Fig. 10719R consists of a 


pair of hinged weights attached to the end of the worm shaft and nor- 
mally held near the shaft under spring tension. A pin bears against 
these weights under tension from a movable contact spring which may 
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make contact with either a front contact or rear contact spring. 

When the shaft is running within the proper speed limits the governor 
weight fly out sufficiently to allow the pin to approach the end of 
the shaft and the movable spring to connect with its front contact 
spring. When the speed reduces below the limiting value the weights 

approach each other and force the pin and movable spring outward, the 

latter closing the alarm circuit on the back contact spring. 

Fig. 10354 is a sketch showing in cross** section the eccen- 
trie bushing for mounting the pivots which support the gear-boxes and 
bearing boxes in place. This type of mounting provides a simple and 
easy adjustment of the friction rolls both in a horizontal and vertical 
plane. The threaded pivot screw and its locknut provide a means for 
making and clamping the vertical adjustment. The threaded hole for 
the pivot screw on the inner eccentric bushing is placed 1/32* off 
center and so the inner eccentric bushing in one revolution will carry 

the center of the pivot in a circle of 1/16* diameter. The bore of 

the outer eccentric bushing is also 1/32" off center and in one revo- 
lution carries the inner eccentric bushing in a circle of 1/16" dia- 
meter. A half revolution in the proper direction of both inner and 
outer eccentric bushings will therefore give the center of the pivot 
screw a maximum displacement of 1/8" and it will be seen that the 
center of the pivot screw may be placed anywhere within a circle of 
1/8" diameter by combinations of adjustments of the inner and outer 
eccentric bushings. The adjustment usually desired consists of a 
displacement of the cork rolls in a horizontal plane in the direction 
toward or away from the clutches without any displacement in the direc- 
tion of the axis of the rolls. Such adjustments are obtained by turn- 
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ing the eccentric Bushings through equal arcs in opposite directions. 
The eccentric hushing adjustments are clamped by the locknut on the 
inner bushing. 

Special Tools for Friction Roll Drive Maintenance 

The following is a list of special tools developed for 
friction roll drive maintenance together with their respective code 
numbers; 


Same of Tool 

Code 

Ho. 


Iccentric Bushing Adjusting Wrench, 1-3/8" Hex. 

Tool 

So ♦ 

232 

Oil Sight Gauge Wrench 

n 

« 

238 

Pivot Screw Wrench, l/2* sq. 

« 

it 

246 

Adjusting Screw Locknut Wrench, 1-1/4" Hex. 

ft 

ft 

247 

Socket Wrench for Sequence Switch Drive Shaft Coupling. 


n 

254 


Two Ho. 232 tools are used in making eecentric bushing 
adjustments which are clamped by using the Ho. 247 tool. 

The Ho. 236 tool is used on the clamping ring of the oil 
sight gauge. 

The Ho. 246 tool is used on the pivot screw of the eccen- 
tric bushinge. 

The Ho. 254 tool is used on sequence switeh drive shaft 

couplings. 


The Sequence Switch 

A sequence switch is a mechanism for connecting and dis- 
connecting circuits as required at different stages of the operation 
of a machine switching power-driven system. It consists of a frame 
supporting a number of brushes, a clutch magnet at one end and a 
horizontal shaft which is power-driven by a disc flexibly mounted on 
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it. Rigidly secured to the switch shaft at regular intervals are a 
number of discs with insulating and conducting sectors on whieh the 
tips of the brushes rest. Terminals on the opposite ends of these 
brushes are wired to the circuits controlled by the switch. The 
switch is mounted adjacent to a constantly revolving vertical shaft 
to which is rigidly attached a driving disc with a small clearance 
between this disc and the one on the sequence switch shaft. When the 
clutch magnet is energised the face of the flexibly mounted disc is 
drawn against the rim of the driving disc so that the friction between 
them rotates the switch shaft and the discs rigidly mounted on it. 

The rotation of the insulating and conducting sectors of these discs 
between the brushes bearing on their opposite sides produce the re- 
quired circuit changes. 

The switch has 18 positions each of which may give different 
circuit combinations and it can be designed to stop in any of them. 

An index wheel and pointer at the right shows what position the switch 
is standing in. The discs having insulating and conducting sectors 
are called "cams* and are designated from left to right by letters A, 

B, C, etc. The cam brush springs are designated by their position 
on the cam, as left-inner, Left-Outer, Right-Inner and Right-Outer, 
those on the side toward the clutch or "R" magnet being the Left and 
the ones near the shaft known as the Inner. The switches are made 
with a maximum capacity of either 20 or 24 cams. These designations 
as well as the general arrangement of the switch will be more readily 
understood by referring to Figures 10729R and 6678R. Figure 10729R 
is a photograph of the assembled switch, a cam and a brush assembly. 



a ? /? 
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assembled on the ahaft, being separated by an insulating ring sur- 
mounted by a metal collar and with the addition of the index wheel 
and a few washers for spacing are clamped by a hex nut at the right 
end. If the shaft is not fhlly equipped with cams, flat insulating 
washers are used instead of cams as spacers. 

The "A** cam is a stamped circular metal disc with a cor- 
rugated rim and & disc of insulation riveted to its flat central 
portion into which small rectangular notches are cut at the various 
positions in which the switch is designed to stop. The remaining 
cams are eaeh made up of a circular disc of insulation between two 
metal plates, the plates being riveted together and so electrically 
connected. All cams have a square hole at the center of the insu- 
lating disc - niched on one side to assist the assembly - for mount- 
ing on the shaft; the metal discs, however, are cut away at the 
center to always clear the shaft and often the metal collar between 
adjacent cams, and so the cutting about the center is utilised to 
insulate adjacent cams or to connect them with the aid of the metal 
collar. The metal collars which do not connect adjacent cams elec- 
trically are marked with a grooved ring around the outer surface; 
those connecting adjacent cams are not so marked. The metal plates 
are also so shaped or cut about the circumference that the brushes 
may rest on them or on the insulation, the associated circuits being 
closed or opened accordingly in the various switch positions. 

Since the switch has 18 positions each position has 20 
degrees of the cam. When a switch is centered on a position the 
springs are located approximately so that 10 degrees, or 1/2 of the 
position, is in front, and 10 degrees, in the rear of the center of 
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th® springs. '.'Then the "A* cam is cut in a position, 10 degrees of 
the metal approximately in the canter of this position is cut away; 
that is, when the *k* cam is cut in a position, and the switch is 
centered on thia position the *A W spring will rest on the insulation. 

When any of the cams from *B“ to *Y* inclusive are cut in 
a regular single position the first 5, and the last 5 degrees of the 
cam in thia position are cut out; that is, a regular single cutting 
is a metal segment covering 10 degrees of the cam in the center of 
the position, and with the switch centered on this position the con- 
tact spring will rest approximately on the center of this metal seg- 
ment. 

^hen any cam from *B" to •Y* is cut to close in successive 
positions, then no part of the metal is cut array from between the 
positions; that is, on a cam cut to close in positions 1 to 3 the 
metal segment will start in position 1 in the regular way and will 
be continuous from positions 1 to 3 and end in position 3 in the 
regular way. 

How it will be seen that with one cam having a regular 
cutting in one position and another cam having a regular cutting in 
the succeeding position* when the switch is rotated the former cam 
will break contact with its spring before the cam and springe of the 
latter make contact. when circuit conditions require that one cam 
shall not break contact when moving out. of a position until after an- 
other cam which is cut in the succeeding position has made contact, 
then 1/4, l/2 or 3/4 cutting a are made. They are also used for 
other purposes. The accompanying photostat is a sketch of a cam 
showing all the angles into which both sides may be divided for the 
purpose of denoting the various cast cuttings possible. The position 
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numbers are marked on the cam surfaces and a full heavy radial line 
drawn, on which the brush tips rest when centered on these various 
positions. These lines are 20 degrees apart. These angles are 
divided in halves by the light full radial lines and are designated 
by the number 1/2. These half angles are further subdivided by 
dotted radial lines denoting the 1/4 positions so that in passing 
from the center of one position to the center of the adjacent one 
the position of the brush tips at the l/4 # the 1/2 and the 3/4 
subdivisions of the 20 degree angle between position centers are 
clearly marked and designated. On circuit diagrams a notation is 
placed adjacent to each cam spring to denote the circuit changes of 
each spring during a revolution. A dash between two position num- 
bers indicates circuit closure at the first position, an opening in 
the intervening positions and closure at the last numbered position. 

A series of position numbers separated by dashes indicates a series 
of closures at these positions only e.g. 1-5, means closed in posi- 
tion 1 and again in position 5. A fractional designation means 
that closure takes place in the position indicated by the number in 
the numerator and remains closed until the position indicated by the 
number in the denominator is passed e.g. l/5 (read one to five) 
means a closure in position 1 which continues until 5 is passed. 
Furthermore, it must be remembered that all circuit closures take 
place 5 degrees or a quarter position ahead of the position in which 
the numerical designation indicates closure and that closure is re- 
tained until 5 degrees or a quarter position is passed beyond the 
position numerically indicated as the point of circuit opening, e.g. 
a closure in position 2 would, referring to figure 4, begin at posi- 
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tion 1-3/4 and end at 2-1/4. Likewise cutting 2/5 means closure be- 
gins at 1-3/4 and ends at 5-1/4. fractional cuttings are made and 
indicated in the same manner as explained for the non- fractional 
cuttings above e.g. 9—1/4 / 10—3/4 would denote a cutting beginning 
at the center line of position 9 and ending at the center line of 
position 11 the cutting extending an additional 5 degrees beyond the 
position indicated by the numbers designating it. The accompanying 
photostat also shows the circuit conventions used to indicate cam 
cuttings. 

The brushes for cams from "B" to "Y* are mounted in groups 
of 8 called "brush assemblies", the brushes and alternate layers of 
insulation being clamped by screws between two metal stampings one 
providing a base for mounting, the other a small designation plate on 
which the cam letters are painted. The brush springs are extended 
in the rear to provide suitable soldering connections. The "A" cam 
spring assembly has a stiff spring with a roller on its end which 
bears on the left side of the corrugated rim and acts as a centering 
device and two springs which bear on the central position of the cam 
on the right side. The inner spring makes continuous contact with 
the "A" cam, the outer one rests normally on insulation making contact 
only between positions and at positions in which the switch is not de- 
signed to stop. This is to prevent the opening of the "B" magnet cir- 
cuit at one of the other cams shortly after the switch teoves out of 
position and the consequent stopping of the switch between positions, 
since as soon as the switch moves out of position, a circuit to the 
M R" magnet is closed through the "A" cam and its outer spring and is 
only opened as the switch arrives at its next stopping position. 
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Special Tools for Sequence Switch Maintenance. 

The following la a list of special tools developed for 
sequence switch maintenance together with their respective code 
numbers. 


Berne of Tool 

Code Bo. 

Cam Aligning Fixture 

Tool #225 

Cam Aligning Scriber 

ft 

#240 

Cam Clamping Hut Wrench 

(f 

#236 

Cam Cleaning Tool 

Cam Botching Checking Gauge for 

It 

#239 

18 Position Cams 

Cam Botching Checking Gauge for 

Gauge # 45 

20 Position Cams 

* 

* 63 

"A* Cam Roller Spring Tension Gauge 

# 

# 62 

"A* Cam Roller Spring Adjusting Tool 

Tool 

#215 

"A" Cam abort Circuiting Tool 

n 

#218 

Spindle for Sequence Switch Cams 

* 

#258 

Sequence Switch Spring Contact 3hoe 

Sequence Switch Spring Contact Breaker 

n 

#250 

Sequence Switch Brake 

Tool 

#253 

Driven Disc Clamping But Wrench 

ft 

# 47 

Brush Spring Adjusting Tool 

* 

#235 

Brush Spring Adjusting Tool 

Spring Tension Gauge (70 grama, for 

«t 

#256 

universal use) 

Gauge 

# 68 

Holding Tool for Indicating Wheel 

.020* Thickness Gauge (Max. Air-gap 

Tool 

#203 

between Driving Discs) 

Gauge # 55 
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Haas of Tool 

.010" Thickness Gauge (Air-gap be- 
tween Pole and Driving Disc.) 

* .025" Thickness Gauge (Kin. Gap be- 

tween Driven Disc. & Switch Frame) 

* .035* Thickness Gauge (Max. Gap be- 

tween Driven Disc. & Switch Frame) 

* Also used on clutches. 

Continuous rotation is desired for grinding- in the friction 
surfaces of the driving discs and for cleaning purposes . To keep 

the switeh rotating continuously the Ho. 218 tool, a metal piece 
specially shaped for this purpose, is inserted between the "A* cam 
and ita two contact springs. It closes the "R" magnet at the "A" 
cam and so maintains continuous rotation of the sequence switch at 
about 41 R.P.K. 

The Ho. 239 tool is a two-pronged wooden fork used in con- 
junction with a chamois skin for cleaning sequence switch earns while 
continuous rotation of the switch is maintained by the Ho. 218 tool. 

In making spring tension adjustments the sequence switch 
is usually made inoperative by removal of its fa sea, but in testing 
and trouble hunting the Ho. 253 tool is Inserted between the sequence 
switch driven disc and the *R* magnet pole thereby preventing rotation 
without disturbing the circuits. 

The "A" cam roller spring tension is adjusted to from 400 
to 600 grams by the use of the Ho. 215 tool, the adjustment being 
checked by readings taken on the Ho. 62 gauge. 


Code Ho . 

Gauge # 53 

" # 56 

• # 71 
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All the contact springs are adjusted to fro® 30 to 45 grams 
tension by using the Mo. 235 tool on the lower sequence switch springs 
and the So. 256 tool on the upper sequence switch springs, the adjust- 
ments being checked with gauge Mo. 68. 

The position of the frame is adjusted and checked by two 
air gaps. The air gap between the magnet pole and driving disc is 
checked by the Mo, 53 gauge. The air gap between the driving and 
driven discs is checked by the So. 55 gauge. 

A number of tools are used In changing or adding cams to 
a sequence switch. The shaft is mounted in the Ho. 225 tool, and a 
reference nark made on the cam edges by the So. 240 tool. The indi- 
cator wheel is then held with the No. 203 tool while the cam clamping 
nut is unscrewed with the So. 236 tool. The necessary number of 
cams, collars and washers are slipped off the sequence switch shaft 
and on the No. 258 tool. The cam cuttings are checked by the No. 45 
gauge for 18-poaition cams. The same tools are used in the reas- 
sembly . The minimum gap between the switch frame and the driven 
disc is measured by gauge So. 56; the maximum gap by gauge So. 71. 

The No. 250 tool is used In circuit testing. 

The Sequence Switch Drive Ohaft Bearing 

The science switch drive shaft is supported in a vertical 
position by a number of bearings on the selector frame; its weight 
being carried by a thrust bearing in the fr let ion roll drive at the 
bottom of the shaft. The drive shaft bearing brackets are lined up, 
when originally installed the base of each being adjusted to the 
surface of the frame member of 3 levelling set serews and secured by 
2 machine serews. The end of each bracket together with the bearing 
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cap fastened to it by two screws forms a casing for holding the 
hearing proper in place. In removing or replacing a drive shaft 
the alignment o’f the brackets need not be disturbed since it is only 
necessary to remove these bearing caps. On account of the construc- 
tion of the bracket these bearings are often referred to as *split 
bearings* altho the bearings proper are not split. 

Each bearing consists of a ball bearing built to be a non- 
separable unit. The inner race or cone is forced on the drive shaft 
and maintains its position by the friction of its tight fit. The 
outer race is clamped in the casing formed by the bracket and its 
bearing cap. Split felt washers are placed above and below the 
bearing to exclude foreign matter and retain the lubricant. These 
felt washers are held in place by split metal washers which fit in 
the grooves provided in the casing. 

Vertical Shaft Drives 

On frames where there are no friction roll drives, vertical 
shafts are driven by vertical shaft drive units. In these units a 
high speed shaft coupled to the motor shaft or an extension of it 
carries a worm which drives a gear on a countershaft below it; the 
countershaft in turn carries a worm which drives a gear on a vertical 
shaft coupled to the sequence switch drive shaft. These units are 
mounted beneath the sequence switch shafts which they drive. 

The gear case entirely encloses the gearing but permits 
easy access to its interior. The high speed shaft extends through 
both sides of the gear case; one end carries one-half of the detach- 
able motor coupling when directly driven by the motor, or when driven 
from another drive unit it is coupled to an extension shaft from that 
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unit. The other end may be coupled to an extension shaft for driv- 
ing additional units, but if not so coupled the motor stop alarm 
mechaniam is attached to it. The worm with a collar on each side 
of it is made from one piece of stock. Ball bearings completely 
assembled as units are mounted on the shaft, the inner races being 
clamped between these collars and special clamping nuts. A slot 
is cut into each of these nuts in a plane at right angles to the 
axis of the shaft, the portions on either side of it being drawn to- 
gether with a screw. This arrangement clamps the nuts in place. 

The shaft and ball bearings are installed in the gear case, the shaft 
being inserted from the motor end, the outer bearing races fitting 
suitable recesses in the case. The cover plate when mounted clamps 
the outer ball race of one bearing in place and prevents removal of 
the shaft. Where the motor shaft passes through the cover plate an 
arrangement is provided for preventing oil leakage. The hole in the 
plate is of slightly greater bore than the diameter of the shaft and 
passes through three thicknesses of metal separated from one another by 
annular air spaces cored in the cover plate. When the oil collects 
in sufficient quantity on the shaft it fills the gap between the 
shaft and the ring of metal around it and drains off into the annular 
space around the shaft and back into the bottom of the gear case. A 
half of a coupling is secured to the driving end of the shaft by set- 
screws. The motor stop alarm is attached to the other end in case 
no additional units are to be driven from this unit. If so a half- 
coupling is also attached to this end. The motor stop alarm has a 
pair of hinged weights normally hold near the shaft under spring ten- 
sion. As the shaft approaches its proper speed the centrifugal force 
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is sufficient to overcome this spring tension and these weights fly 
out from each other and permit a conical ended pin which bears 
against the governor weights to approach the end of the shaft. A 
spring which bears against the other end of this pin transfers its 
connection from a back contact spring to a front contact spring. 

When the motor falls off in speed the weights approach each other 
forcing the pin outward and the movable spring against the back con- 
tact spring. The end thrust of this shaft comes on the ball bearings. 

The countershaft below the driving shaft also carries a 
worm cut from the stock of the shaft but has a gear keyed to it which 
meshes with the driving worm. Its mounting in the gear case on ball 
bearings is similar to that of the driving shaft. 

The vertical shaft has a gear keyed to it and is driven by 
the worm on the countershaft. Its lower end rests in a bearing in 
the gear case. Its upper end passes through the hold in the gear 
case which serves as a bearing and is attached to the sequence switch 
drive shaft coupling. a thrust bearing on 3 flat rings is placed 
between the lower end of this coupling and the top of the gear ease 
which supports the weight of the sequence switch drive shaft. 

The oil sight gauge consists of a glass mounted in one side 

of the gear case. then the gear box is supplied with the proper a- 

mount of oil, the oil level passes across the center of the oil sight 
gauge* 

The lubrication 1. obtained by the .pla.h di.tribution pro- 
duced by the gear, dipping in the oil . A ehelf along one eid. of 

the case Carrie, oil to the thruet bearing under the cortical drlc. 
shaft coupling. 
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The Interrupter. 

The power driven interrupter is a device for furnishing 
interrupted current to some of the circuits in panel type machine 
switching offices. It consists of spring assemblies in which eon- 
tacts are made and broken by a reciprocating bar, actuated by a 
roller mounted on it which rides on the periphery of a revolving cam. 

Figure 10291 shows two interrupters mounted on a frame, 
the upper one directly geared to the drive shaft and the lower one by 
a right-angle geared countershaft unit used to reduce the operating 
speed. 

The interrupter has a cast iron frame with & double bearing 
bracket at one end, in which a spindle carrying a gear and cam assem- 
bly is free to revolve. The reciprocating bar is attached to the 
frame by a flat spring at each end and at the left end of the bar 
when mounted a roller rides on the periphery of the cam under pressure 
from the flat springs supporting the reciprocating bar. Beneath the 
reciprocating bar a broad, flat strip of insulation with a number of 
square notches along both edges is secured to the frame. Spring 
assemblies consisting of two spring pileups mounted on "U" shaped 
brackets are affixed by means of screws to the frame. These spring 
assemblies straddle a number of insulated studs mounted in rows on 
opposite sides of the reciprocating bar. 

The spring pileup on each side consists of three springs, 
each, the two outer ones being stationary and the inner one which 
rests against an insulated stud under tension can be made to make 
contact alternately with the two outer springs by the reciprocating 
motion imparted to the reciprocating bar by the rotation of the cam. 
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Tangs on each of the two outer springs rest under tension against 
the adjacent aides of two square notches on the strip of insulation 
and so serve to maintain the outer brush tips stationary. 

Interrupters are made in two types, the Ho. 149 type and 
tne Ho. 152 type, the latter operating at a mueh lower speed than the 
former. These interrupters are mounted at the top of the equipment 
frames so as to be driven by the vertical sequence switch drive shaft. 
A pinion on the sequence switch drive shaft drives the gear and cam 
assembly of the Ho. 149 type directly. The Ho. 152 type is driven 
By a spiral gear system in which the driving pinion drives a horizon- 
tal countershaft which in turn drives the interrupter gear and cam 
assembly. Either type can be converted to the other by a change of 
the gears and driving system since both types are provided with the 
tapped holes in the double bearing bracket which supports one end of 
the right angle geared countershaft unit, the other end being secured 
to a vertical frame member. Variations in the rate and percentage 
of make and break of contacts are effected by a change of cams. 

The right angle geared countershaft unit used to drive the 
Ho. 152 interrupter consists of a gear case partially enclosing the 
gears and countershaft within it on a pedestal. Two screws at one 
end of the gear case eecure it to the double bearing bracket; at the 
other end, it is adjusted to the surface of the vertical frame member 
by three leveling set screws and fastened by two machine screws. The 
pedestal is secured by two screws through the base of the gear case; 
its position in the gear case is adjustable to facilitate the align- 


ment of the gears. 
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The Rotary Translator Switch 

The rotary translator switch used in panel type machine 
switching offices is more exactly designated as the So . 1202- type 
selector. This selector is a power driven rotary switch of 44 line 
capacity and is used as a translator. Described briefly the banks 
and brushes are like those of a rotary line switch and the driving 
mechanism like that of a sequence switch. 

The selector has two semi- circular banks of 22 line capacity 
each of vfoich are mounted side by side. A frame is attached to these 
banks which carries the revolving member and the mechanism for con- 
trolling its rotation. The shaft carries two sets of single-ended 
brushes, the contact tips of one set being mounted at IflO degrees from 
the other so that when one set of brushes is passing over the terminals 
of its bank the other set is clear of the other bank. The testing 
brush in each set of brushes is arranged to make contact in a row of 
terminals slightly in advance of the other brushes in that set. The 
shaft is horizontal when mounted and has a flexibly mounted disc used 
for driving it secured to it at the left hand bearing. A bronze rim 
is attached to the disc provided with a notched periphery. The drive 
magnet is mounted beneath this bearing with a small air gap between 
the magnet pole face and the face of the disc. The stop magnet is 
mounted above this bearing on a bracket. The stop magnet armature is 
provided with a pawl which is arranged to fall into the notches on the 
rim of the driven disc when the magnet operates. The operation of 
the armature also opens a pair of normally closed contact springs. 

The stop magnet is normally held against an adjustable back stop in 
the unoperated position by a retractile spring. The translator is 
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mounted adjacent to a constantly revolving vertical shaft and driving 
disc with a small clearance between this disc and the one on the 
translator shaft. When the drive magnet is energised the face of the 
flexibly mounted disc is held against the rim of the driving disc so 
that the friction between them rotates the translator shaft and the 
brushes mounted on it. When the test brush connects with the desired 
terminal the stop magnet energizes and draws the pawl down against a 
portion of the rim between two notches. The drive magnet continues 
to drive until the next notch comes under the pawl which now falls 
into the notch stopping the rotation and opening the circuit to the 
drive magnet. The brushes with the exception of the test brush are 
now properly centered on the terminals. 

Each bank associated with the translator has a capacity for 
6 arcs of 23 terminals each suitably insulated and clamped between 
two semi-circular plates one of which has an elongated portion at each 
end which is bent through 90“ to form brackets for mounting. These 
terminals extend through the mounting and provide wiping contacts for 
the brushes on their inner surfaces of the mounting and soldering lugs 
for the bank wiring on their outer ends. The first set of terminals 
in the multiple bank is used for terminating the circuit to the brushes. 
Sach such terminal consists of two flat springs which extend to the 
rotor shaft where they spread out from each other so that each spring 
rests on the slip ring portion of the corresponding brush spring, thus 

establishing the circuit to the brushes. The banks are mounted on 
mounting plates. 

The contact brush for each arc of terminals consists of two 
flat metal atrip, .o formed that the two springs rest on th. opposite 
sides of the same terminal when In the contact position. At the 
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mounting shaft these brush springs are so formed as to provide the 
slip rings used for establishing the circuit to the brushes. 

The shaft has threaded portions at each end, a bearing 
turned up at one end and a drilled hole at the other. The index 
wheel with a collar on each side of it is mounted in the middle of 

. i. 

the shaft and in conjunction with a pointer on the frame indicates 
the number of the terminals on which the brushes rest. The brushes 
suitably insulated in pairs from each other and from the shaft are 
mounted in two sets and clamped between the collars in the center of 
the shaft and the clamping nuts at its ends. The driven disc, the 
center portion of which is cut away, is flexibly mounted at the left 
end of the shaft by means of a six- armed spider, the center of which 
is rigidly clamped between two nuts on the shaft its location however 
being adjustable. 

The shape of the frame forms a rectangular outline having 
one side offset from the plane of the other three to accommodate the 
driving mechanism. The upper and lower sides are attached by screws 
to the mounting brackets of both banks. The right hand bearing con- 
sists of an adjustable clamp and bearing pin which fits the hole at 
that end of the shaft. The left hand bearing consists of a pedestal 
on the offset side of the frame provided with a bushed hole into which 
the shaft fits. Both bearings require occasional lubrication. The 
drive magnet is mounted on an adjustable bracket below the pedestal 
bearing; it has one pole opposite the face of the driven disc, the 
return magnetic circuit being formed through the driving disc immedi- 
ately below the magnet. The bracket for mounting the drive magnet 
is secured to the frame by two screws which appear on the front of the 
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frame. To adjust the air gap between the driven disc and the drive 
magnet these bracket mounting screws are loosened temporarily while 
readjusting the air gap the screw holes being large enough to permit 
sufficient adjustment. The centering of the brushes is determined 
by the angular relation of the brush contact tips to the notches on 
the rim of the driven disc and the location of the stop magnet pawl 
along the circumference of the driven disc. Since the first condi- 
tion is non-ad ju stable the centering is accomplished by adjusting the 
pawl's location along a horizontal line at right angles to the shaft. 
The holes in the stop magnet frame for the screws which secure it to 
its supporting bracket are slotted to permit this adjustment of the 
pawl by adjusting the position of the stop magnet as a whole. Ad- 
justment of the pawl in the direction parallel to the shaft and in 
the vertical direction is obtained by adjusting the location of the 
stop magnet supporting bracket in a manner similar to the adjustment 
of the drive magnet. 

Figures 11022 and 11023 show the side, and front views 
respectively of the translator switch. Figure 11078 is a top view 
of the translator switch showing the stop magnet pawl and contact 
springs. 











1/076 
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DIVISION A 

GENERAL 

Section III Relaye and Message Registers 

Mechanical & Electrical Requirements . 


GENERAL 

Because of the considerable number of relays and the 
important functions which they perform in controlling and building 
up connections in the machine switching system, it is essential 
that the maintenance men should thoroughly understand the mechanical 
as well as the electrical requirements of the various types of relays 
employed, as herein outlined. By mechanical requirements or adjust- 
ments are meant: armature travel, contact separation, spring tension, 
spring follow, spring position, etc. Careful attention to these mat- 
ters as the first step in the adjustment of a relay is fundamental. 
The meeting of the electrical requirements as the second step, is 
thereby greatly facilitated, and a more stable adjustment is secured. 

The relays installed at present by the Western Electric 
Company however, may not meet the mechanical requirements due to pro- 
duction difficulties in placing the new adjustments in effect, since 
it has only recently been agreed that the most satisfactory way to 
adjust relays is first to obtain the mechanical requirements. It is 
expected, however, that the Western Electric Company will begin to 
turn out relays which will meet these requirements as soon as manu- 
facturing conditions will permit. No definite date, therefore, can 
^be stated, after which mfclays installed by the Western Electric Com- 
pany will meet these requirements in all respects. 
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On every occasion when the maintenance man however, in- 
spects or adjusts a relay he should make certain that it meets the 
mechanical requirements as well as the electrical requirements. If 
the relay cannot he made to meet the requirements and the chief 
switchman deems the margin of safety of operation in the particular 
circuit is small, the relay should he removed; otherwise, it may he 
retai ned. 

Experience has shown that dirty contacts is one of the 
chief sources of relay trouble. A standard method for cleaning 
the contacts is described. 

The gauges and tools employed for adjusting relays are 
also described as well as the relay adjusting test set. 
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a-HECHAHI CAL REQUIREMENTS 

General 

The relay should be mounted level and securely fastened to 
the mounting plate. 

All part 8 should be securely fastened and all nuts and 
screws set up tightly. Huts on adjusting screws should be set up 
moderately tight. 

All spring pileups should be fastened securely and springs 
should be in alignment. If necessary to adjust a spring pileup, see 
that all screws are again set up tightly. The contacts should be 
centered. Contacts are centered if the entire contact point rests 
on the corresponding disc. 

Relay cover nuts should never be fastened with a toil of 
any kind and care should be taken not to use the cover itself as a 
lever in order to fasten the nut. 

Contact Cleaning 

The majority of relay troubles are open or high resistance 
contacts, caused by a coating of dirt on the contacts. Although 
this film of dirt may not be noticeable, the maintenance man should 
understand that whenever he has occasion to adjust a relay it will 
be well to clean the contacts. 

The contacts should be cleaned by rubbing the standard burn- 
ishing tool back and forth 5 or 6 times in a manner so as to keep the 
surface of the tool flat against the surface of the contact disc. 

At the same time the point contact should be allowed to press (or 
made to do so manually) against the other side of the burnishing 
tool. Abrasives such as fine files or emery cloth should never be 
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used on contacts . 

The practice outlined in the preceding paragraph will be 
sufficient in most cases. Where further trouble is experienced and 
there is some indication of pitting, with the point of a toothpick 
(one end flat) take up a drop or two of chemically pure carbon tetra- 
chloride and deposit it on the contacts, which should be held slightly 
separated. Then dip the flat end of the toothpick in the liquid to a 
depth of about one-quarter inch and rub back and forth two or three 
times between the contacts, which should be allowed to close with a 
sli^it pressure on the flat sides of the toothpick. The liquid will 
soften the deposit that may have collected on the contacts and the 
rubbing will remove it. Then with the contacts again held slightly 
open take up a little of the liquid on the clean point of the tooth- 
pick (not the end used for rubbing) and flush the contacts to wash 
off any loose particles that may remain. Then discard the toothpick. 

It is important that a clean toothpick be used for each pair of con- 
tacts as it has been found that otherwise the deposit removed from 
one contact might be left in the liquid and later deposited on another 
relay. Care should be taken to keep the liquid from coming in con- 
tact with the rubber studs or insulators as carbon-tetrachloride has 
an injurious effect on rubber. 

If there is indication of pitting due to arcing, crocus 
cloth #00 may be used with discretion. It should be pulled back and 
forth between the contacts, which should be allowed (or made to do so 
manually) to press together. After this treatment, the contacts 
should always be treated with carbon tetrachloride as outlined in the 


preceding paragraph 
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Tools and Gauges 

The table on pages 5, 6 & 7 indicates the tools and gauges 
.equired to assifet in obtaining the proper mechanical adjustments on 
re lay 8, 

For those relays where thickness gauges or the pitch of 
threads on screws are specified to be used for obtaining the proper 
armature travel, the maintenance man should understand that it is 
essential that these dimensions should be obtained, but experience 
indicates that after working with the gauges or “counting off" of the 
turns of screws for a time the maintenance man usually becomes skill- 
ed in obtaining the required dimensions by si$it alone. This prae- 

* 

tice is permissable , but the maintenance man should frequently check 
his work by means of the gauges, or the "counting off" of the turns 
of screws. 

The relay adjusting test set is described under the heading 
"Blectrical Requirements." 


RSLAYS 


GAUGES 


TOOLS 


B & G Type 


#65-A, .013" 

#65 -B, .018" 

#65-C, .013" 

#65-D, .023" 

Above gauges on a ring #64-A 


S & H Type 


#67-A. 

.015" 

#231, wrench 

#67-B, 

.020" 

#206,30®, off set screw 
driver 

#67-C, 

.025" 

#207,90®, off set " 

#67-D. 

.030" 

#259, Spring bender 

#67-B, 

.035" 


#67-F, 

.040" 



Above gauges on a ring #66-A 
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RELAYS 


GAU6K3 


TOOLS 


87 


114 

#41, 

.034* 

#35, screwdriver 
#219, 5/16* wrench 

#220, 3/16* wrench 

above three tools together 
coded #221 
#102, wrench 

124 



#35, screwdriver 
#219, 6/16* wrench 
#220, 3/16* wrench 

Above three tools together 
coded #221 
#102, wrench 

149 



#50, spring bender 

162 



#50, spring bender 

177 

#42, 

.015* 

#98, spring bender 

198 



#50, soring bender 

198 

#42, 

.015* 

#35, screwdriver 
#219, 5/16* wrench 
#220, 3/16” wrench 

Above three tools together 
coded #221 

203 

» 

CM 

51 

.015* 

#98, spring bender 

207 

#42, 

#74^ 

.015* 

.004" 

#35, screwdriver 
#219, 5/16* wrench 
#220, 3A6* wrench 


Above three tools together 
coded #221 
#208, wrench 

#74A .004* 

#7SA (.022* Max. 

208 ( .018* Min. #264, , lug bender 

#73B (.0075* Max, 

(.007* Min. 

Message Register #20, Cap Extractor 

All Relays hong nose pliers 

Screwdriver 

Combination thickness gauge 
and Contract Burnishing tool #265 
Crocus Cloth #00 
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RELAYS OADGSS TOOLS 


Tooth Picks (one end flat) 
Chemically Pure Carbon-Tet- 
raefcloride 

Belay Adjusting Test Set 
Relay Contact Clip #252 
Armature Blocking fool #136 
Sequence Switch Contact Breaker 
#267. 
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E. & H. Tyne Relay* 

General 


All springs, except normally bent springs, should be 
straight, especially toward the contact ends, (except in certain 
cases which will be cowered by specific instruction.) 

The armature stud* "AS" (see fig. l) should not rub on the 
springs through which they pass and the ends of the tsngs *T" on the 
springs should not rub on the sides of the spool head "SH*. 

Armature stop nut "N* should be sufficiently tight to pre- 
vent turning by fingers. If not, remove nut and close the slotted 
end slightly with pliers. 

Armature "A* should not rub or scrape on the armature stop 
nut screw. Do not, however, attempt to file the armature in case it 
does rub, since the armature is galvanised and the filed spot would 
be liable to rust. 

Normal Position of Armature 

The normal position of the armature "A" is in general 
against the armature stop nut "N* , one or more springs usually being 
effective in holding the armature against the stop nut. Where there 
are no springs effective in holding the armature against the stop 
nut, the armature should normally take up a position slightly away 
from the stop nut due to the normally slight hinge plate tension 
directed towards the pole face and should rest against the travelling 
springs. 

The armature travel or clearance "6" (see fig. l) between 
the stop pins on the armature "A", or the armature itself if no 
stop pins are provided, and the pole face varies for the dif- 
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ferent spring combinations, being smaller for those with the simpler 
spring combinations. As shown in Fig. 2, these clearances, together 
with the thickness gauges to be used are as follows: 


Soring Combinations 

Armature Travel 

Gauge 

Nos. 1-2-10-11-18 

.015" 

67-A 

* 3-7-8-27 

.020" 

67 -B 

■ 4-24-25 

.025* 

67 -C 

«• 5-6-18-21-22-23-26 

.030" 

67 -D 

■ 9-12-13-14 

.035* 

67 -S 

■ 19-20 

.040" 

67-F 


With the gauge fully inserted (over the stop pins)fthe 
stop nut should be turned up (use toil #231) until the gauge pulls 
in and out with only a very slight friction. By this method the 
above clearances should be obtained with ‘in a variation cf .0025" • 
In no case should the armature travel exceed .045**. 



fig, i ~ eg* Type Relay - Armature in Normal Position. 
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Operated Position of Armature 

Where stop pins are furnished on the armature, the stop 
pins should rest flush against the pole face "PF*, when the armature 
is in a fully operated position. 

Where no stop pins are employed, the armature *A* should 
rest flush against the pole face •PF" when the relay is in a fully 
operated position. Where the stop pins are omitted the relay is in- 
tended to have a low holding value or a slow release characteristic. 
Springs . 

The proper contact separation, armature stud separation 
and spring follow as shown in Fig. 2 will normally obtain if the 
springs, except normally bent springs, are straight and the armature 
travel is as specified. Where normally bent springs similar to the 
long back contact springs *LBC* are involved it may be necessary to 
bend the tangs **T** to obtain these requirements. The tangs "T" on 
these latter springs are so designed as to permit such adjustments 

Contact separation, either in the normal or operated 
position, should not be less than .005 inch (see fig. 2). Long 
traveling springs "LT** normally closing back contacts should have a 
visible separation (not less than .005 inch) from the armature studs 
"AS* or if the relay has no springs normally effective in pressing 
the arraatur® "A* all the way back to the stop nut "H* there should be 
a visible separation (not less than .005) from the armature studs 
when the armature is moved all the way back to the stop nut by the 
finger. All long and all short front contact springs *LFC* and "SFC* 
should have a visible follow (not less than .005 inch) just after the 
contacts engage. The long back traveling springs *LBT* in spring 
combinations 6 and 13 (see Fig. 2) should have a follow of not less 
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than .005 inch just after they break eontact with the short back 
contact springs *SBC" . 

The tension of the springs should be adjusted by means 
of the adjusting tool #259. This tool should be applied to the 
springs near their base only and the tension should be regulated by 
a slight turn either to the left or to the right. Care should be 
taken not to disturb the tension of adjacent springs and particularly 
not to bend the armature hinge plates 



Fig. 2 - "l* St *H* Type Relay Spring Combinations. 

All long and all short back contact springs "IBC* and *380* 
and all short rigid front contact springs “RFC* should be firmly 
tensioned against the spool head »SH*. 

All long and all short front contact springs "LFC* and 
"SFC* normally not closing back contacts should be moderately tensicned 
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than .005 inch just after they break contact with the short hack 
contact springs "SBC" . 

The tension of the springs should he adjusted by means 
of the adjusting tool #259. This tool should be applied to the 
springs near their base only and the tension should be regulated by 
a slight turn either to the left or to the right. Care should be 
taken not to disturb the tension of adjacent springs and particularly 
not to bend the armature hinge plates "H* . 


Combinations of EType Relays 



141-A-39 

Standard 
Replacing 185-8-3! 

- I40-A-24 




5.005' 

foos'- 


and all 
tension!. 


s' V^oor- 

fl ““Mf 


AT.015" 

24 


‘-C$0,005' L -CS.005' 

AT .030' AT .040' 

25 26 


s'ZtQ.oor 

iOOT 


12 

m 

Tr 


AT 035' 

21 

i 

3<pQ t>q [fl p t < 

05 . 005 ' CSO.OOr 
AT.030' 

28 



p¥ 






m 


CSCS30S' 
AT 025' 


A 3 


i^05000! 


FT 


i ^ 

OS 005" - 



CS.Q0S' 
AT .025' 


CS0005’ 

AT.030' 


05.005' 
AT .020' 





A- Armature. 

AT» Arm3tureTravei,±0025'Seej 
F> Follow mmmumamoirit SeeQ 
S* Separation, minimum amoirit 
SS'Contact sepMtion, minimum 
:$0- Contact separation operated, 
LBC'Long back contact spnng. 

Lr v*L£)OG tront contact Spring 
UT'tong back travelrig spring. 
SBC* Short back contact spring 
SFC* Short front contact spring. 
RFC* Rigid bent contact sprmg 


~4<£ ^ * 

amountSeeffi 
.mrwnum amount. See® 


Notes 


O Armature travel is the distance between the armature stop pins or the armature itself, where 
no stop pins areprcvided.and the pole face .when the rmature rests agamst the stoonut. Where a 
relay has two different sonng combin a t io ns the armature travel snell be that required by the one 
hiving the larger armature travel 

® TWs separation should exist when armature is pushed all the way back to the stop nut by a spring or tne *moer 
® bhert a sprmg combination rtquirtng a lesser armature travel is employed or tre same relay with 
one requiring a greater armature travel, the contact separation of the sprmg combmat ;0 n recu"- nq 
jhe normally smaller armature travel will usually be proportionately increased 
$ This refers to the contact separation whan the springs art m their operated positions 
® On al I of the IFC and SFC springs, a small amount of the follow may be aosorbed by the bowmg of 
Vie springs with which they make contact 

® In Figure 11,11.22.23.24 »hd 26 a very flight tension toward the armature or the bent LT spring is allowable. 


uuuui — mnscr 




id *8BG* 

ly 


All long and all short front contact springs "LPC" and 
"SFC" normally not closing back contacts should be moderately tensioned 


Bulletin Bo. 17 


- 12 - 


rd Y. A* 

Sec. IH-a Relays 

12 / 1/20 

Douglas & Tyler, Omaha 

against the spool head •SH". 

All long traveling springs *LT" and all short traveling 
springs *3T M normally not closing hack contacts should he tensioned 
just enough to press the armature "A* all the way hack to the ttop 
nut H H* or should he given a greater tension as may he necessary to 

meet the electrical requirements. 

All long traveling springs *LT" and all long front con- 
tact springs "LFC* normally closing hack contacts should he given as 
much tension toward the armature "A* as the electrical requirements 
will permit, but tensioning so as to cause excessive bowing should he 

avoided . 

The long hack traveling spring *LBf * in spring combination 
18 (see Pig. 2) should he tensioned so that the long traveling spring 
"LT* will exert no pressure or only a very slight pressure on the 
armature s tud • 

A. far as possible the tension on similar springe on a 
relay should be the same so as to insure uniform contact preeeure ex- 
cept that the springs closing signaling circuits msy he given a lee- 

ser tension than those closing talking circuits. 

BAG Type Relays 

General . 

The adjusting screws 1, 2 and 3 (Pig. I* ehould be suffic- 
iently tight to present turning by fingers. If not it will be n.cess 
sary to remove the relay from the mounting and remove the relay cover. 
Then remove the screw and close the slotted hole slightly with pliere. 
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Fig. 3-B&G Type Relays - Armature in Bormal Position. 

While thickness gauges are recommended in the following 
paragraphs for setting the normal and operated positions of the 

cTj 

armature, in many cases the relays will be located so that the adjust- 
ments can be made only with considerable difficulty unless the closure 
of the contacts is indicated by the operation of some relay or signal 
in the circuit. Therefore, in such cases the gauges need only be used 
until the maintenance man becomes sufficiently familiar with the re- 
quirements so as to be able to approximate the desired adjustments 
without the aid of the gauges. However, the maintenance man should 
frequently check his work by means of the gauges. 

Operated Position of Armature 

In order to insure the proper front contact pressure and to 
aid the armature to release promptly when the current is removed from 
the relay, the front spring "PS" or front contact “PC* (see Pigs. 3 
and 4) should be located so that the armature *A* or the traveling 
soring "TS* will engage the front spring or front contact, before reach- 
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lng its fully operated position . To obtain this adjustment thickness 


gauges should "be used as follows! 

Soring Combination Gauge 

Ho. 1-2-3-4-6-8-9 65-A 

« 5-7 65 -C 


Clearance between Armature 
and Pole face when "A" or 
"T3* just touches *FS t, or w K?* 

.013* 

.013* 


^’i th the proper gauge in place the armature is held .013 inch from the 
pole face *PF" ; the stop pin not affecting this position since the 
gauge is cut away at this point. The front spring *FS* or front con- 
tact *FC* should be located so that it just touches the armature "A* 
or the traveling spring *TS* as the case may be. 

On spring combinations 1, 2. 3, and 5, which have rigid front 
contacts and are not equipped with long flexible traveling springs, 
with the gauge removed and the armature held against the pole face 
manually (without forcing the front spring or front contact back), 
this adjustment will result in an air gap slightly greater at the upper 
part of the pole face than at the lower part, that at the lower part 

being due to the approximately .008* stop pin. 

On spring combinations 4, 6^7,8 and 9, which have flexible 
front contact springs or long flexible travelling springs, with the 
gauge removed anti the armature held against the pole face manually, 
this adjustment will result in a "follow* (approximately .005*) on the 

flexible front contact or long travelling springs. 

After the gauges have been used for a time and the mainten- 

ano. men hare become familiar with the dimeneione, the front epring or 
front contact may he located without the uee of the gauges by the fol- 
lowing method, judging the dimeneione by eight. 
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On spring combinations 1, 2, 3 and 5 locate the front 
spring so that when the armature is pushed slowly forward with the 
blade of a small screw driver at the point *Y“ (see fig. 3), there 
will be a slight rocking motion of the lower part of the armature 


until the stop pin touches the pole face. 

On spring combinations 4, 6, 7, 8 and 9, locate the front 


contact or front spring so that when the armature is in its operated 
position there will be a visible "follow* (not less than .005") on 
the flexible front contact spring or traveling spring. 



Hormal Position of Armature . 

In order to ineur. the most efficient operation of the area- 

_ 4 i B «mni nved to insure the maximum back 

ture, and where a back contact is employed. 
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v 


On spring combinations 1, 8, 3 and 5 locate the front 
spring so that when the armature is pushed slowly forward with the 
hlade of a small screw driver at the point *Y* (see fig. 3), there 
will he a slight rocking motion of the lower part of the armature 
until the stop pin touches the pole face. 

On spring combinations 4, 6, 7, 8 and 9, locate the front 
contact or front spring so that when the armature is in its operated 
position there will he a visible "follow* (not less than .005") on 
the flexible front contact spring or traveling spring. 
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Spring Combinations of B Type Relays 


188-B-68 

Standard 


Engineer 

Checked by 

Made StandanMO£-fl 

Log No.P-T 76 t 5 20-191 






Air Gap.018" 



Follow not - 
less than.005 |>[ 



Follow not 
less than .005 


Contact separation 
when operated not less than .005 


M Air Gap .018' 

T 

Contact separation when 
operated not less than .005 
-Contact separation not less than .005 



ISSUE 1 

Was Provisional Bated 
Standard 

Log No S 1440 -< 0 - 2 't 9 


AirGapDIB'’ 



Follow not - 
less than .005 



Air Gap.018" 

Contact separation when # 
operated not less than 005 • 

-Contact separation not less than ,00s 

5 


\ Follow not 
less than .005" 


Air Gap.018” 



Issue2 


Airqap.018 was^rma- 

*ure travel not less , 
than.OIO'^irQapIJZS 

was'Armr" 


10 "AirgapI 
mature trave 
s than. 015"' 


not less 
L09H0.S-211G to.iiai 


Contact separation 
not less than .005 


Contact separation 
not less than .005 




AirGap.018 


Follow not 
less than. 005"*' 



Contact separation when 
operated not less than .005 
-Contact separation not lessthar:.0U5 


Air Gap-Oia* 

fl / Contact . 

4— y Separation not 
Contact separation when ~~iess than .010" 
operated not less than .005 
■Contact separation not less 
than .005" 


Air Gap.023* 


Contact separation 1_ Contact separation 
not less than .010** not less than .005 


k Fol low not 
_ less than .005" 

/ ~ 

q Air Gap. 023' 

w / Contact 

Separation not 
less than .005" 

— NOTE 

Air gapis the distance between the Arm 
8nd pole face when the Arm rests against the back spring. 
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contact pressure, the armature travel as specified in fig. 4 should 
be obtained by means of the thickness gauges as follows: 

Clearance between 

Spring Combination Gauge Armature in Normal 

" Position and Pole Face 

Nos. 1-2-3-4-6-8-9 65-B .018* 

• 5-7 65-B .023* 

On spring combinations 1, 2, 3, 4, 6 and 8 with the gauge 
in place, the rigid back contact *BC" , or back stop *BS« should be 
located so that it just touches the armature. 

On spring combination 9 with the gauge in place, the flex- 
ible back contact "BC* should be located so that after the gauge is 
removed and the armature moved toward the pole face manually* it will 
follow the forward movement of the armature approximately .005", that 
is, it will have a .005* “follow*. 

On spring combinations 5 and 7 with the gauge in place, lo- 
cate the rigid front contact "RPC", so that the stud thereon juet 
touches the armature, then adjust the flexible short travelling spring 
"STS* attached to the armature so that there is a minimum clearance of 
.005* between its contact point and the rigid front contact. This ad- 
justment insures that the short travelling spring will engage the 
front contact approximately .005 inch before the other front contact 
is made. 

After the gauges have been used for a time and the mainten- 
ance man have become familiar with the dimensions, the normal position 
of the armature may be set by sight, so as to have the required travel. 

When rigid front contacts are employed such as on spring 
combinations 1, 2, 3 and 5, it is not essential that the armature stop 
pin touch the pole face when the relay is operated electrically on its 
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"operate current. 

The B type relay may occasionally require greater clearance 
-han those specified on pages 14 & 16, where it is used in 48 volt 
circuits. These greater clearances will he necessary whenever the 
relay cannot he made to release, on the specified, adjusting release 
current, by means of the hack spring, tensioned by the screw 3. 

Armature Spring Tension 

Regulate the armature spring tension to enable the relay 
to meet its electrical requirements. On spring combinations 1, 2, 3, 

5, 6 and 8 (see Pig. 4) turning screw 3 forward (to the right) in- 
creases the armature spring tension and turning it back (to the left) 
decreases the tension. For spring combinations 4, 7, and 9 (see Pig. 

4) the adjusting plate is reversed, having the armature spring tension 
screw in the lower right hand corner „ Turning this screw forwaro. (to 
the right) decreases the spring tension on the armature as it exerts 
a forward tension on the armature spring, thus aiding the armature to 
overcome the pressure exerted on it by the flexible traveling spring 
•*TS". Turning the lower right hand screw back (to the left) on these 
same spring combinations increases the spring tension on the armature 
as it decreases the tension of the armature soring and thus the flex- 
ible travelling spring exerts more pressure on the armature. 

Tvne Relays 

Normal Position of Armature 

The flexible springs should rest on their brass supports, 
when the armature is in its normal position and there should he approx 
im&tely .010 inch clearance between the contact®. 
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The armature *A* should move freely, without binding. 
Operated Position of Armature 

Flexible front contact *FCS* should be forced visibly (ap- 
proximately .005 inch) away from its support when the armature "A* is 
in the operated position, as shown in Fig. 6. 

The relay should then be adjusted to meet its electrical 
requirements and if necessary the location of the springs may be 
changed by means' of a small screw-driver at point "Y" . When it is 
necessary to raise the spring upward the sersw-driver should be placed 
under the brass support "BS* and never under the flexible spring. 


Fig. 5 - Ho. 87-A Relay - Armature in Normal Position. 


Fig. 6 - Armature of Ho. 87-A Relay in operated Position 
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#114 Type Belay 


General 

The armature should move freely, hut there should he no ex- 
cessive side play; if necessary, adjust hy means of the armature pivot 
screws. If these screws are rounded off or burred, they should be 
changed. If the relay is equipped with a "follow* contact spring 
the "follow" should be visible (approximately .005"). 



ACS 

A 


RSS 

BCS 





Operated Position of Armature 

Turn the armature contact screw "ACS" back and hold the arm- 
ature "A* in an operated position against the pole face. After this 
turn the armature contact screw forward until it touches the front con- 
tact "PC" ; then give it approximately a complete turn and fasten the 
lock nut. In no case, however, shall there be less than one-half a 
turn on the armature adjusting screw after it touches the front con- 
tact, since otherwise the armature may remain in an operated position 
after the flow of current through the relay has stopped. This clear- 
ance also insures a reliable front contact, 

Honsa! Position of Armature 


Turn the back contact screw forward until it pushes the 


Bulletin Ho. 1? 


20 - 


Biv. A. 

Sec. Ill -a Relays 

12 / 1/20 

Douglas & Tyler, Omaha 

armature contact screw "ACS* against the front contact "FC"; then turn 
it "back approximately one-half a turn and fasten the lock nut. This 
provides a clearance of approximately .010 inch between the armature 
contact screw and front contact when the relay is in the normal posi- 
tion. 

When the #114 and #198 type relays are used as machine ring- 
ing trip relays, the air gap or clearance between the armature "A" 
and the pole face should be obtained by means of the following gauges: 

Relay Gauge Air Gap 

#114 #41 .034" 

#198 #42 .015* 

With the gauge inserted between the follow contact on the armature 
and the back contact, turn the back stop screw "BCS* forward until the 
armature just touches the gauge: that is, the gauge should pull in and 

out with only a slight friction. 

Adjust the relay to meet its electrical requirements by means 
of the retractile spring which is fastened by the screw "RSS", Mov- 
ing this spring away from the relay frame increases the tension on the 
armature "A". It may be necessary to make slight readjustments in the 
locations of the contact screws in order to meet the electrical require- 
ments. 

#124 Type Relay 

See requirements for #114 Type Relay. 

#149 Type Relay 


See requirements for #162 Type Relay. 
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#162 Type Relay 

General 

The armature hinge plate "AH* should not be buckled; that is, 
if the travelling springs "TS* are raised away from the armature etude 
■AS" there should be practically no pressure exerted on the armature 
"A", which would tend to hold it against the adjusting screw * AA5" . 

In no case shall the hinge plate be buckled or raised away from the 
armature more than one -thirty- second of an inch. 

The pole piece "FP" should be parallel to the face of the 
armature "A*. In some cases the location of the pole piece may be 
changed as it is held in position by screw *1*. 

Do not force the relay cover in place. If this is necessary 
the location of the cover stud "CS" should be changed to remedy this 


defect. 



Fig. 8 - Nos. 149, 162 & 178 Type Relays. 

Normal Position of Armature . 

There should be a minimum clearance of .015" between the 
pole-piece and armature stop pins when the latter is against the stop 
screw. This may be obtained by adjusting the location of the stop 


screw "AAS" • 
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Operated Fosition of Armature . 

Where no stop-pins are provided, the armature (shown in a 
Tully operated position) should rest flush against the pole-piece at 
both sides. In such cases the relay has a "slow release" character- 
istic. 

Springs . 

The travelling spring "fS" when in the normal position 
should not rest against the armature stud "AS". It should be possible 
to move the armature slightly (approximately .005 inch) at point "H" 
without moving the travelling spring. Occasionally it may be neces- 
sary to file the top of the armature studs in order to obtain the 
proper adjustment. 

Adjust the relay to meet its electrical requirements and in 
case it is necessary to change the adjustment of the travelling springs 
"TS" it should be done with tool Ho. 50 at point "Y". Care should be 
exercised after the travelling spring has been adjusted to see that it 
does not rest on the armature stud "AS". 

There should be a minimum clearance of .010 inch between the 
contacts of the travelling spring and the back contact when the arma- 
ture is in the operated position. 

#177 Tvne Relay . 

See requirements for #203 Type Relay. 

#1 78 Type Relay. 

See requirements for #162 Type Relay. 

#198 Type Relay . 

See requirements for #114 Type Relay. 
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general 


#203 Type Relay . 


the armature should move freely in its hearings, hut there 
should he no excessive side play; if necessary, adjust by means of the 
pivot screws. 

The adjusting nuts "N" at either end of the armature support 
plate should he set up tightly. 

Normal Position of Armature . 

The armature "A* in its normal position should rest against 
the pole face of the upper coil; (or coil near contact end of spring). 

There should he a preceptitte (.005") separation between the 
hard rubber bridge "HRB" on the armature arm and the long travelling 
spring "ITS*. 

Operated Position of Armature . 

Armature travel (or separation between armature and pole 
face of lower coil) should be approximately .015", This may be ob- 
tained by means of the thickness gauge #42. With this gauge inserted 
between the armature and the lower pole face, adjust the nuts W until 
the gauge can be pulled in and out with only a very slight friction. 
Usually only the lower nuts N need be adjusted. The long travelling 
spring "LT8" should be tensioned against the back contact spring 
"BOS", as found necessary for current requirements. The front 
contact separation should be approximately .010". The flexible 
front contact spring "FCS" should be forced visibly (.005") away 
from its support when the armature is in its operated position. In 
its fully operated position, the stop pin on lower end of armature 
should rest flush against the pole face of the lower coil. 
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#207 Type Relay 


General 

The armature *A* should move freely but there should be no 
excessive side play; if necessary adjust by means of the armature 
pivot screws using #208 tool. The pin "P " holding the armature re- 
tractile spring *ARS" should be free to turn where it passes through 
the armature. 

Hormal Position of Armature 

Turn the back stop screw *BSS* forward (the front contact 
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eerew *fS3* hawing been turned beck sufficiently) until the .^mature 
•A* only slightly binds at the pole face *I»F*. Then turn the basic 
stop scree *BSS* back one and one half turns and set the lock nut. 

This *111 insure a siiiwt clearance of approximately .023* between 
the armature in its normal position and the pole face. 

The normal position at the armature may also be obtained by 
scans of the thickness gauge #42. Yith tbs gauge inserted between 
the armature "A* and the pole face *PF*, turn the baek stop screw 
*B38* forward until the armature just touche e the §mmi that is, so 
that the gauge can be pushed in end out with only a slight friction. 



-PC 5 ( Front Contact Screw) 

A(Armature) 

|}-~ ■ B 5 $ ( Back Stop Screw.) 

" p F(Po!e Face) 

^ ^?H^ R ( p^ ) Retract ' l< Spnn 9 Screw) 


1 - A R S (Armature Retractile Spring.) 
Armature Pivot Screw. 


Fig. 10 • #20? Type Relay 
Operated Position of Armature 

Turn the front contact screw *FCS* forwaid until the front con- 
tact just touches the contact on the armature. Then turn the front 
contact eerew backward 1/4 turn and set the lock nut. This will in- 
sure a contact separation of .004* approximately. This contact separa- 
tion can also be obtained by moans of the thickness gauge #7 4A. 
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Adjust the relay to meet its eleetricsl requirements by 
means of the armature retractile spring *ARS # , controlled by the re- 
tractile spring screw *1188* . 

#208 Tyne Relay 


General 

The armature "A* should more freely on its bearings. The 
small shaft supporting the armature if bent or badly worn should be 
replaced. The armature retractile spring "ARS* should be firmly 
fastened so that it wil3 not slip out of the slots on its supporting 
lugs. The general structure of this relay is such that it should not 
be necessary except at wary long intervals to readjust the location 
of the front contact "BC* or back contact "BC*. 

Normal Position of Armature 

The air gap, that ie, the clearance between the armature 
"A* when it rests against the back contact *BC* and the pole face 
together with the thickness gauge to be used ie shown in the 
following table: 

Relay Air Gap Thickness Gauge 

#208 (B.C,S,G)M,H,S. .022 Max. 4 73-A 

.018 Min. 

#208 (H,J,K)L. .0078 Max. # 73-B 

.007 Min. 

To obtain the proper air gap adjust the back contact •’BC* 
by means of the #264 lug bender at the point *Y* until the maximum thick- 
ness gauge does not enter but the minimus thickness gauge does enter. 
Operated Pooition of Armature 

The contact separation between the contact on the armature 
»A* and the front contact "BC* together with the thickness gauge to be 


Bulletin So. It 


21 


Mt. A. 

See. IJX-& Belays 

12 / 1/20 

£©wglas & Tyler. Omaha 


used is shown in the following table: 

**«*.«» fi g s^l-3^«£ft. U .ga iyLs&m£i^H§«M 

#208 (All Code Bos.) .004* # 74-A 



•A (Armature) 


B C (Back Contact.) 


FG (Front Contact.) 


PF (Pole Face) 


■Armature Shaft 
Bearing Washers. 


Armature 


To obtain this contact separation adjust the front contact 
•BC* by as « an a af a screw driver and long nos* pliers until the thick- 
ness gauge pulls in and out with only very slight friction 

Adjust the relay to meet the electrical requirements by 
meima of the armature retractile Spring "AR8* # controlled by the left 
hand retractile spring lug. To bend this lug apply the lug bender 
at the point •X*. lever bend the right hand retractile spring 
lug because this tends to distort the armature. 




m 


-A RS (Armature Retractile Spring. 



Fig. 11 - 208 Type Belay. 
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Message Registers 

The reliability of message registers directly concerns 
the subscriber so that both its operating and non-operating features 
are of unusual importance. These depend upon its accurate adjustment 
which, in turn, requires extreme care and the use of a somewhat com- 
plicated test set. 

All the registers are carefully adjusted and tested by the 
installet and should maintain their adjustment for a considerable 
period, ^here any trouble is experienced which would seem to require 
readjustment of the register, the register should be removed and re- 
placed by a spare register, that is, no attempt to readjust the line 
registers should be made by the maintenance force. Parte requiring 
cleaning on account of sticking should be cleaned with chemically 
pure carbon tetraehloride as described for contact cleaning. 
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b- BLBCTBI CAL REQUIREMENTS 

General 

In order to check the electrical characteristics of a relay 
(that is. turns, magnetic circuit, etc) and to check the mechanical 
adjustments, as made in accordance with the requirements set up in 
the preceding pages (that is, spring tension, follow, etc.) the speci- 
fied current for operate, non-operate, hold or release should be caused 
to flow through the relay and the closure or opening of the contacts 
observed either by sight or preferably bjr the operation of some other 
relay or signal included in the circuits of the contacts. The main- 
tenance man can assure himself that proper closure of contacts is 
taking place (except for rigid contacts) by observing that the con- 
tact has the specified follow (usually .005"). 

Bach relay will have a set of values for testing purposes 
and another set for re-adjusting purposes, each set being made up of 
the necessary operate, non-operate, hold or release values. THESE 
VALUES WILL BE DETERMINED AMD SPECIFIED FOR BACK RELAY FOR EACH CIR^, 
CUIT BY THE WESTERN ELECTRIC COMPANY ON ITS METHOD OP OPERATION SHEETS. 
The re-adjusting values (the same as the adjusting values) will nearly 
always be the capability i.e. the card catalogue values. The testing 
values in general will be some values Ices severe thar? the readjusting 
valuee depending upon the amount of margin between the readjusting 
values and the worst circuit requirements. There will be, therefore, 
always a margin between the readjusting values and the testing values, 
and usually a margin between the testing values and the worst wircuit 

requirements. 
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Relay Adjusting Test Set 

General Description . 

The relay adjusting test set is designed for use in cheeking 
and adjusting relays and other apparatus for which current adjustments 
are specified. It is made up in portable fora so that it can be plac- 
ed conveniently near any apparatus which is to be checked or adjusted. 

A picture of the top of the test set is shown on Drawing Ho. 706-221. 

A three-scale mil ammeter is provided for measuring current 
flow, the scales being for 30, 120 and 600 mi Hi -amperes. Three keys, 
designated "30 MA", "120 MA" and "600 HA", are used for cutting into 
the circuit the corresponding milarameter scale*. 

For controlling the current flow there are two units of 
variable resistance each of which has four slide contacts numbered 
1, 2, 3, and 4 which are used with correspondingly numbered push-but- 
ton keys. In addition to being numbered, these keys are designated 
respectively, as follows:- 

«0* * Operate 

"HO" * Hon-Operate 
"H* * Hold 

"R" * Release 

One resistance unit is a short drum with an assembly of 
circular contacts which are connected to spool resistances inside the 
test set, giving a range of 0 to 50,000 ohms. The other unit is a 
long drum wound closely with bare wire, giving a range of 0 to 1800 

ohms. 

By means of the slide contacts it is possible to cut into 
the circuit a different amount of resistance for each of the pushbut- 
ton keys, although there are few relays for which more than two current 

requirements are specified. 
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Bor convenience in testing, a portable key having two push 
buttons is furnished with the test sot. The key is equipped with a 
»ord and two plugs for connecting it to jacks *C* and "B* of the test 
set. The buttons on the portable key, when depressed, ceuse the 
same circuit conditions as would the “0* and "FO" keys o$ the test 
set. The *M0* button of the portable key may be used us an *H* or 
*R* key by adjusting the #2 elides to the "K" or *R* requirement. 

Jacks "A* arid "B* are provided for the purpose of connecting 
the test set by means of patching cords to battery supply jacks "A" 
and ”B* on the Vfsrious frames. Binding posts "24V*, "48Y* and *G* 
are provided so that connections to battery and ground can be made by 
cross-connecting wire where battery supply jacks are not convenient. 

Jack is used in connecting the test set to the appara- 

tus which is to be adjusted. Connections may be made by means of a 
cord with plug for jack "A* and clips on tip and ring conductors for 
attaching to apparatus. When the apparatus is permanently wired to a 
jack, double ended cord may be used. Binding posts *T" and •B" may 
be used for connecting the test set to the apparatus by means of 
cross-connecting wire when not convenient to use jack "TST*. . 

Bor testing relays which are intended to be slow in releas- 
ing two Spl. #50 -C keys are furnished, one designated *l/3 Sec." and 
the other "1./2 Sec." While these keys are being used, key "INT" must 
be operated, in order to make the interrupter contacts of the Spl. 

' #50-0 keys effective. In general, slow release relays should not rs- 
lease on l/3 second impulses but should release on l/2 second impulses 
with the same current flowing. The Spl. #50-0 key. are operated by 
turning the hanile around clock-wise to the .top and then letting go 
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the handle. This operation wind* a coiled spring which, when the 
handle is released, returns thsrhandle to its normal position and at 
the same time actuates a cam which makes and breaks tap air of contact 
springs several times while the key is returning to normal. On the 
"l/3.3ec". key the cam cuttings are such that the make and break per- 
iods are equal and of approximately l/3 second duration. On the *1/2 
Sec." key the periods of make and break are also equal but are of 
" l/2 second" duration. 

Key "IMY" must be in its normal position when the Spl. #50-C 
keys are not being used, in order to short circuit the normally open 

contacts of the Spl. #50 -C keys. 

In addition to the apparatus already mentioned, the test set 

has six keys which are designated as follows: - 

"24V (T)", "48V (T)", "REV", "24V (R)", "48V (R)" and "Met". 
They are used in supplying to apparatus under test the required condi- 
tions as to battery, ground and metallic circuit. 

Method of Operation 

It will be found that the operating windings of relays are 
wired into the circuits in four different ways, as followsi- 

1. Relay has one winding with one terminal connected to bat- 
tery. The test set will be required to fumieh ground through the 
variable resistances and milarameter to the other winding terminal. 

2. Relay has one winding with one terminal connected to 
ground. The test set will be required to furnish battery thowough the 
variable resistance and milammeter to the other winding terminal. 

3. Relay has one winding with neither terminal connected to 
battery or ground. The test set will be required to furnish ground 


\ 
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to one winding terminal and battery through the variable resistance 
and milammeter to the other winding terminal. Care should be taken 
to have the polarity of testing current the same as that received by 
the relay when in use. 

4. Relay has two windings with one terminal of one winding 
connected to ground, and one terminal of the other winding connected 
to battery. If the relay is to be adjusted with the windings in ser- 
ies the test set will be required to connect the variable reisstance 
and mil ammeter between the two winding terminals which are not connec- 
ted to battery or ground. 

The manner in which each relay is “picked up" is described 
in the Western Blectric Company’s method of operation sheets. In 
general the winding of a relay will be "picked up" by attaching the 
test clips of the relay adjusting test set to the designated springs 
on some other relays or on sequence switches. The clips should be 
attached at the contact end of springs of relays and of sequence 
switches, not at the winding terminals. Thus all work in testing and 
adjusting should be done at the "front of relays". To properly in- 
clude the relay in the test circuit, in accordance with this pwactice, 

it will be often necessary: 

(a) To "Toothpick" certain sequence switch springs; 

(b) To "Toothpick" certain relay contacts "open" 

or “closed"; 

(c) Block relays "non-operated" or "operated"; 

(d) Brake plate a sequence switch in a particular 

position. 

This information is also to be found in the Western Blectric 
Company* s method of operation sheets. 
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. 3 

For "tooth picking* sequence switch springs tool # 
should be used. For "toothpi eking" relay contacts, an ordinary flat 

and tooth pick should be used. Paper or similar material should not 

... - • ■ ■■ i 

be used as it is apt to leave a deposit on the contact. For blocking 
relky armatures tool #136 should be used for BAH type relays and 

4 ] 

toothpicks for other type relays. For brake plating a sequence switch, 
tool #253 should be used. 

The maintenance man should understand that the code number 
of a relay is stamped on all relays, either on the spoolhead, spring, 
or armature. The resistance of the windings of most relays is also 
stamped on the relays, A star stamped in the metal near a contact sig- 
nifies platinum, otherwise contacts are of #1 Contact Metal. 

With the "24V (T)". "48V (T)", "MV" , "24V (R)«, "48V (R) * 
and "JOT" keys normal, and one of the mil ammeter keys of the test 
set operated, the tip clip is connected through the variable resist- 
ance and milammeter to ground and the ring clip directly to ground, 
when any one of the adjusting keys (0,HG,H or R) is depressed. There- 
fore the tip clip alone will be used except when both battery and 
ground are to be supplied from the test set. The ring clip is used to 
supply battery or ground to a relay which is not permanently connected 
to either battery or ground. 


For 

48V battery 

on 

the 

up. 

operate 

"48V (T)* 

key 

91 

24V " 
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For metallic cireuit from test set, operate "MET" key. It 
will not be necessary to operate any two of these keys at the same 
-time. 

The "REV* key is used to reverse the direction of current 
flow in the milammeter should the needle move to the left instead of 
to the right when any of the adjusting keys are depressed. 

In order to avoid passing an excessive amount of current 
through the milammeter when using the test set, proceed as foil owe: - 


1. Before connecting up the test set — 

(a) See that all keys are in their pormal position. 

(b) Move All resistance slides so as to out in all 

of the resistances. 

2. By means of cords fitted with clips or plugs, obtain 

by attachment to binding posts, or by plugging into 
jacks — 


(a) 

48 

Volts 

(*) 

24 

Volts 

(c) 

Ground 


3. Make connections to the relay to be tested, as specified 

for the particular relay. 

4. Operate the "24V(T>*. *24V{R>*, *48V(T)*, *48V(R)*, or 

"MET" key as specified for the particular relay. 

5. Operate the "600 MA" key and, with the "0* key depressed, 

adjust the #1 slides (see "HOTS* below) so that the 
reading of the milammeter comes within the capacity 
of the scale to be used for the particular relay under 
t e st . 

If direction of current flow is wrong, as indicated by 
the movement of the milammeter needle to the left in- 
stead of to the right, throw the »RSV* key. 
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HOTS; 


The short drum has a total resistance of 60.000 
ohms; it is an assembly of circular contacts which 
are connected to spool resistance coils ranging from 
10,000 ohms down to 1,000 ohms as follows; 


1st coil 
2nd * 
3rd " 
4th " 
6th " 

Remaining 24 coils 


10,000 ohms 
8,000 * 

4.000 * 

2.000 • 
2,000 * 
1,000 * 


each 


The long drum is a slide wire resistance of 
1800 ohms. 

When any one of the push button keys ("0", "NO", 

*H" or "R") is depressed and the elides are set 
as oer 1 (b) , all of the resistance in both drums 
is in series with the relay under test and the 
ailarameter. The proper current flow is obtained 
by cutting out resistance first by means of #1 
slide on the short drum, and then by #1 slide 
on the long drum. In many cases it will be ne- 
cessary to cut out all the resistance of the 
short drum. 


6. Restore the "600 MA* key and operate the proper "MA" key. 

7. With the *0* key depressed, adjust the "1" slides until 

the exact operating current As specified for the re- 
lay under test is obtained. 

8. When a non-operating current is specified, hold the "HO" 

key depressed and adjust the #2 slides until the exact 
non-operating current is obtained. 

9. Depress and release the "0" and "K0" keys alternately 

several times, observing the action of the relay. 

HOTS : 

For convenience in testing, a portable key 
having two push buttons is furnished with the test 
set. The key is equipped with a cord and two 
plugs for connecting to jacks "C* and "B* of the 
test set. The buttons on the portable key close 
the same circuits as the "0" and "HO* buttons on 
the test set. The "KO* button of the portable 
key can be used as an "H* or *R* key by adjusting 
the #2 slides to the "H" or *R" requirements. 
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10. When a holding current is specified, hold the *H* key 

depressed and by means of the #3 slides obtain the 
holding current specified. Then keeping the "B* key 
depressed, obtain as described in items 7 & 8, the 
operate or non-operate currents. To test the relay 
keep the *H* key depressed and depress and release 
the *0* key, 

11. When a release current is specified, hold the *R* key 

depressed and by means of the #4 slides obtain the 
specified release current. Then, keeping the "H* 
key depressed obtain, as described in items 748, 
the operate or non-operate currents. To test the 
relay; keep the *R* key depressed and depress and 
release the *0" key. 

12. If relay does not respond properly, readjust it to meet 

the current requirements in accordance with data for 
the particular relpy. 

In testing slow release relays, proceed as follows: 

1: Obtain the proper current value by depressing the 
"0* key and adjusting the #1 slides in the reg- 
ular way. 

2; Operate the "INT* key. 

3: With the *0 W key depressed, wind up the *1/2 Sec.* 
key and let go the handle. 

The relay should operate and release several times 
at 1/2 second intervale while the key is return- 
ing to normal. 

4: With the "0* key depressed, wind up the *l/3 Sec." 
key and let go the handle. 

The relay should operate but not release until the key 
has returned to its normal position. 

If relay fails to act properly, adjust it to meet re- 
quirements. 

When a M soak" current is specified, use the *N0* key and 
the corresponding resistance slides for obtaining the proper current 
value, ^he release test should always be made immediately after a 
*soak", if one is specified. 
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HYI8I0I A, 

general 

SECTION IT - THEORY OP MAINTENANCE 

The general object In maintaining a machine switching 
equipment is to giro satisfactory service at minimum expense. 

Immediately after cut over, it will be well to have a 
rather large maintenance force available at all hours both in order 
to take care of any emergency that may arise and also in order to 
train people for future offices. The extra man can be kept profitably 
busy in making special inspections, routines, tests, etc. when not 
needed on urgent work. 

Later on, when the work necessary is better determined the 
force can be reduced. 

In order to determine whether the service is satisfactory 
it is, of course, necessary to have some means of gauging the quality 
of the serviee. 

Quality of 8ervice: 

The best means for gauging the quality of the service is 
to install service observing equipment by means of which calls orig- 
inating on subscribers* lines are put under observation and the calls 
monitored until disconnection, all features involving poor service 
being noted. It is planned to carry out such service observations at 
machine switching offices when they are first cut into service; later, 
however, it may be found that the maintenance records of the office 
can be relied upon to give a good indication of the quality of the 
service rendered. 
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As described later, records will be made out at the trouble 
desk eoTering all signals received there denoting poor service and also 
all complaints of equipment received at this point from operators or 
supervisors, and these records will be classified to show the effect 
on the service of the various reported troubles. 

In general, the sender signals provided at the trouble desk 
will give a very good indication as to the quality of the service 
rendered up to the time a called line is reached* Troubles encountered 
on established connections which, however, are small in amount with 
machine switching, will not be shown by the signals at the trouble 
desk. They are principally as follows: Wrong numbers, false busies, 
false overflows, cut-offs, double connections, false don't answers, 
noisy connections, poor transmission* 

To obtain a measure of the quality of the service on orig- 
inating calls, the stuck sender signals applying to these calls will 

-4 

be segregated. The number of such signals will then be divided by the 
total number of originating calls as determined from the peg count 
meters, to obtain a percentage figure representing the percentage of 
originating calls affected by stuck senders* 

A similar figure will be made up for incoming cordless B 

calls . 

By comparing the results obtained in this way with the re- 
sults obtained hy the service observations, it will be quickly appare nt 
how good a measure of the service is obtained from the stuck sender 
records. These stuck sender records, covering as they do all the calls, 
will be more responsive to temporary trouble conditions than the small 
number bf observed calls* 
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Preventive Measures 

The general plans for maintaining machine switching equip- 
ment do not differ in kind from those used for manual equipment. 
Considerably more emphasis should, however, be placed on preventive 
measures. With manual equipment almost all switching troubles are 
noted and reported by the operators before they seriously affeet the 
service. With the full mechanical, on the other hand, no operators 
are involved on most of the calls, so that other means of detecting 
incipient troubles must be used. The ideal to be aimed at is to 
deteet and cure before they get bad enough to interfere with service 
all incipient troubles. The chief means employed to this end are 
routine tests, routine inspections, routine checks, cleaning and 
lubrication. 

Routine Tests: 

A routine test is an operation test usually employing special 
testing equipment, this testing equipment indicating whether or not 
the test was successful. 

•> 

The theory of routine tests is to operate each piece of 
mechanism at frequent intervals, under conditions somewhat more severe 
if possible, than oeeur in practice, clearing up immediately any un- 
standard conditions encountered. If the mechanism works correctly 
under these store severe conditions, then it will be sure to operate 
correctly in practice. 

Another reason for carrying out routines even where the con- 
ditions imposed are not more severe than those met in practice is as 
follows: The equipment has in general been arranged in such a manner 
as to distribute the load as evenly as possible over all the various 
facilities provided. Although When an equipment is not working to its 
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full capacity the working lines are scattered as evenly as possible 
over the installed equipment, there may he cases where certain pieces 
of equipment are used in regular practice only rarely because the 
distribution of the load is not perfect. These pieces of equipment, 
then would hafe an opportunity to collect dust and might, therefore, 
operate with a considerable percentage of error, unless routined at 
proper intervals. 

There are also certain troubles which would react on the 
service and which it would be very difficult to trace as a result of 
complaints, but which are readily detected by routine tests. For 
example, a F.3.X. relay in a final selector might be out of adjustment 
in sueh a way that this final, finding the first line in a F.B.X. 
group busy, would fail to hunt, and would give the busy back. 

Another advantage of routines is that such tests point to the 
location of the troubles more certainly than the sender signals at 
the trouble desk, for example. If while the senders are being routined 
a trouble is encountered, that trouble must be in the sender (or rarely* 
of course, in the routine test circuit)* A sender signal at the trou» 
hie desk may be caused, on the other hand, by troubles located almost 
anywhere in the train of selectors as well as in the sender* Troubles 
discovered by routines can therefore be cleared more certainly and at 
less expense than those reported by other means. 

In order that the routines may be carried out frequently at 
a minimum expense, the routine circuits, as later described, have been 
made automatic. These circuits pick up each circuit in turn and 
operate without attention until some unstandard condition is en- 
countered, when the maintenance man is summoned to clear the trouble* 
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Routine Checks: 

A "routine cheek” is an operating teat of some one pieee of 
apparatus, as for example & current flow check of relays or clutches. 
It differs from a routine test in that it is an operating test of some 
one piece of apparatus, rather than of a circuit as a whole. 

Certain routine checks are recommended to he carried out 
periodically. In addition troubles found as a result of routine teste 
or complaints may indicate that a certain type of apparatus is giving 
an undue amount of trouble, indicating that a routine cheek of that 
type of apparatus would probably prove profitable, and in such case 
the check should be made. 

Routine Inspections: 

A routine inspeetion differs from a routine test in that 
when being inspected the equipment is not put through its normal 
operation, but some portion of it is examined, or measured by the use 
of gauges. 

Certain incipient troubles which may not yet interfere with 
service or cause failures under the routine tests are readily detected 
by inspection. A worn interrupter, for example, may still be giving 
good service, but it may be evident on inspeetion that it would 
shortly fail, or a sequence switch may be starting to slip, or a 
screw may be working loose. The routine inspections are therefore, 
directed particularly to detect incipient troubles of the kind just 
described. 

Cleaning: 

The purpose of the cleaning routine is to remove dirt before 
it has a chance to accumulate and get into the contacts, thus inter- 
fering with service. 


Mr. A 
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Dirt should he prevented from accumulating hy the use of 
•creens in all windows which are opened. Moreover, the work bench 
and clothes lockers, if located in the switch room, should he isolate 
as far as possible from the apparatus. 

Luhricati on: 

It is of course- necessary to keep certain of the moving 
parts lubricated in order to reduce friction and prevent wear. 

Corrective Measures 

When trouble is actually encountered and reported, either 
by alarms at the trouble deks or by reports from subscribers or op* 
orators, the first action is to determine by analysis its location. 

She apparatus at fault should than promptly be removed from service, 
the cause of the trouble determined, if possible, the cause removed; 
and the apparatus, generally after being routined to make sure it is 
operating properly, restored to service. 
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DIYISIOH B. 
TOLL I&ICKABICAL OFFICES. 


SECT I OB I - ORGANISATION OP ? r AIBTjSKABCE FORCE 


While the members of the maintenance force are spoken of 
as men, it may later be found advisable to employ women for certain 
classes of maintenance work. The consideration of this question had 
better perhaps, be postponed until the maintenance work has been 
systematized to a greater extent than will be possible when the 
offices are first cut over. 

The number of men, above the minimum force necessary to cover 
the office continuously, required to maintain a central office machine 
switching equipment will vary approximately in proportion to the amount 
of equipment involved. The amount of equipment depends principally 
upon the number of lines installed, the calling rate and the holding 
time ( i.e. the average length of time that the connections last). 

The following table gives an apj,roximate idea of the number 
of men required in fairly busy offices of full size. 


Pull Mechanical 10,000 Line Unit 
Wire Chief 
Chief Switchman 
Desk " 

Switchmen 
Helpers 
Sender Monitor 


Day Eve. Bight Total 

1 1 

1 1 

11 2 

3 11 5 

2 1 1 4 

1 


1 


!' TO V 
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Day 

Ere. Eight 

Total 

Apparatus Man 

1 


1 

Relay Man 

1 


1 

Machinist 

1 


1 

Cleaner 

1 


1 

Plant Clerk 

2 


2 

^ Pramem&n 

3 


3 

/ M^chineman 

1 


1 

Testmen 

3 


3 

Repair Clerk 

1 


1 


23 

3 2 

28 


In smaller offices one man may serve in a number of the above 
capacities. The titles used have been chosen to be as descriptive as 
possible. If there are objections to using any of the above titles 
there is no reason why they should not be changed. 

As will be noted the work is to a considerable extent special- 
ized. This has a number of advantages. The men who show a special 
aptitude for work of a particular kind can be given only work of that kind 
to do and soon become very expert in that field. Specialists can also 
be more quickly trained since the knowledge required is mere limited. 
Moreover , the responsibility for any poor work can be more definitely 
placed, since the fault must lie among only a few, and conversely a 
man is less liable to be blamed for something that was not his fault. 

Care should, however, be taken not to overspecialize, thus 
rendering the force inflexible. Men should be encouraged to understudy 

t the work of the men holding higher lositions than their 3 so that they 

- ; 

can advance to higher grades and be capable of doing higher grade work 
in emergencies. 
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Wire Chief 


Duties 

The duties of the Wire Chief will he about the same as at 
present except that in addition he will have supervision over the 
work of maintaining the switching equipment. 

It may he found necessary to delegate some of the work now 
done by the Wire Chief in connection with the outside plant to 
another supervisor such as a Foreman of Repairmen or Trouhlemen. 

Chief Switchman 

In some cases it may he necessary for the Wire Chief to 
delegate some one to supervise the work on the switching equipment, 
especially where there is a large amount of equipment in an office 
or more than one unit in a building. 

The title used for such a man is Chief Switchman. He will he 
required to have had experience as a Switchman. The number of Chief 
Switchmen required will he not more than one per building. 

Duties 

His duties in general will he to supervise the work of the 
Switchfiian, Apparatusmen, Machinist, Relaymen, Cleaners, etc. and 
to take up matters pertaining to the switching equipment, with his 
supervisor and with other offices. 

Ee shall pay particular attention to the development of men 
for the different classes of work. 

Desk Switchman 

The Desk Switchman is located at the Trouble Desk. Under 


normal conditions probably one Desk Switchman per unit will he needed 
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Duties: 

The duties of the Desk Switchman, in general, shall be the 
handling of trouble reports from the Traffic Department, Repair Clerk, 
Wire Chief and Desk Switchman of other offices, the answering of calls 
on desk lines, and the testing of outgoing trunks. 

He shall give special attention to Fuse Alarms, Snergency 
Equipment alarms and other alarms and signals atthe Trouble Desk 
and Harm Boards. 

He shall give out to switchmen and helpers troubles to be 
cleared and traced and shall receive reports of the remedies applied 
to clear trouble, making sure that the remedies applied were xpable 
of curing the troubles. > 

Ke shall else scrutinize the tickets so as to collect those 
which appear to be due to the same apparatus fault. Sometimes a 
particular apparatus fault will result in different appearances on 
different cells and by collecting all the evidence the apparatus 
fault can be quickly diagnosed. 

Ke shall also, in the absence of the Chief Switchman, assume 
the duties ordinarily assigned tc the Chief Switchman. 

Switchman 

A Switchman iv required to be familiar vdth the circuits, 
the traffic method of operation, the wiring, the layout of the 
equipment, the action to be taken on alarms and to have had some 
practical experience on relays and apparatus in order that he shall 
be able to recognise trouble on them. 

It is expected that Switchmen will be developed from the 
men of lower grades and they will probably be graded into about 
three classes. In general men of the first class will be assigned 
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during the busy hours, the men of the second class to Evening work, and 
those of the third class to Night work. 

Duties 

In general the work of a Switchman will consist of making 
tests and special inspections, locating trouble and carrying out 
routines requiring a knowledge of the switching system. After locating 
troubles with the switching equipment, he will refer them to the proper 
men to clear, such as Relaymen, Apparatusmen, etc. 

The Switchmen of the second and third classes will spend 
most of their time making special and routine tests. 

Helper 

A helper is a man in line for promotion to the grade of 
Switchman, and should be fitting himself for advancement to that grade. 

He will later be assigned to work with Apparatusmen and Relay- 
men. 

Duties : 

His duties will consist in performing some of the simpler 
duties of the Switchman under the supervision of the Desk Switchman 
such as tracing connections when permanent signals or stuck senders 
occur, making routine tests on subscribers 1 lines, etc. 

Sender Monitor 

This operator will be seated at the Sender Monitor Position 
of the Trouble Desk. 

Duties: 

The duties of this operator will consist in answering and 
disposing of traffic orginating on the sender monitoring circuits 
of the trouble desk. 


r*»**i* u? -Si 
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Auuaratusman 

An Apparatusman is a mecnanic who makes adjustments, repairs 
and inspections on the apparatus (excluding relays and message registers). 

This work does not require a knowledge of circuits, hut re- 
quires that the Apparatusman he a careful workman as the adjustments 
must he made to meet electrical arid mechanical requirements and standard 
adjustments must he maintained. 

Duties 

The duties of the Apparatusman in general shall he the making 
of routine inspections, the clearing of troubles on apparatus referred 
by Switchmen and the repair of apparatus at the bench. 

No apparatus adjustments are made by other than the Apparatus- 


man. 


Relayman 

A Relayman is one who checks, adjusts, repairs and changes 


relays*. 



Written instructions furnished to him will give the information 
as to how to take equipment out of service and how to connect hi* test 
box to the various relays in the different circuits. 

He will be required to be something of a mechanic, to be 
familiar with the construction of the different types of relays and 
to be competent to use discretion in dealing with the troubles and 
defects encountered. 

No special training would be required by men who have had 
experience in Central Office or l.B.X. maintenance work. 
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Duties: 


Most of the time of a relayman will be spent in inspecting 
and checking relays. 

He will also take up special cases, referred by Switchman, 
which require the checking, adjusting, repairing or changing of relays. 

Haehini st 

The Machinist should be thoroughly familiar with all power 
drive equipment and should be something of a mechanic. 

Duties : 

It shall be the duty of the Machinist to maintain all 
Strive motors, shafting, associated oiling devices, etc. in a clean 
and working condition and in good repair. 

He shall make all tests and inspections which are assigned 
to him in his instructions. 


Cleaner 

The cleaner in order to do the work of a cleaner need not 
know the details of circuits or apparatus, but should be a careful man. 
Duti es: 

His duties are fully outlined under the section "General 
Cleaning. " 

Plant Clerk 

Duti es : 

The duties of a riant Clerk while in general similar to those 
of such a clerk in a manual office will also require that periodic 
reports on the machine switching mechanism should be made up as covered 
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under the section "Trouble Records." 

Franeman 


Duties: 

The duties of the Frameraan will be substantially those he 
would perform in a manual office, namely cross connecting main and 
intermediate frames. 

Cross connections of the senders shall be the work of the 


Switchmen. 


Machine man 

The knowledge and experience necessary for the Machineman is 
about the same as for a Machineman in a manual office. 

Duties : 

f The duties of the Machineman shall be as follows: 

Care and operation of the Central Office power plant as 
prescribed in his instructions. 

Maintenance of all Power Plant Machines (as distinct from 
power drive equipment) with their associated switches, starting boxes, 
circuit breakers, oiling devices, etc. in a clean and working condition 
and in good repair. 

Care of batteries. 

Making of all testa and inspections which are assigned to 
him in his instructions. 


Testman 

The Test man will be seated at the Test Desk. 

Duties: 

The duties of this man will be very similar to those of 
a Deskman in a manual office. His method of access to subscribers 1 
lines differs, however, from that of a manual office. 
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In addition, he will teat dials with the outside troublemen. 
Repair Clerk 

The repair clerk is stationed at the Repair Desk, 

Duti es: 

In general the repair clerk’s duties are the same as in 


a manual office 
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DIVISION B 

FULL IP-.CHAI.ICAL OFFICES 

Section II. Switchboard hqui Tranent and Method of 

Operation 

The memorandum entitled: - 
"Omaha Nebraska 
Method of Operation 
Full Mechanical Gffices 
_ June 19, 1919 w 

should he studied next. It outlines the equipment from the 
point of view of the traffic forces as well as giving the 
method hy which w&ch type of call is handled. 
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DIVISION B 

FULL MECHANICAL PRICES 
Section III - Circuit Fundamentals 

Circuit Convent ione 


The attached drawing No. 706-229 shows the meaning 
of the circuit conventions used on the circuit drawings. This 
sheet covers only such conventions as are peculiar to the machine 
switching circuits. Repeating coils, relays, plugs, jacks, etc. 
are shown in the same manner as on manual circuit drawings. 

Subscriber* s Line Circuit with Rotary Line Switch. 

Drawing No. 706-197 shows the circuit for a subscriber’s 
line using an individual rotary type line switch. The functions 
of the subscriber’s line equipment on an originating call are 
to connect the line to an idle trunk to the district and sender 
selectors, and to place a busy condition on the terminals at the 
final selector frame to prevent the line being seized for an in- 
coming call. On incoming calls the circuit permits the final 
selector to make connection to the line if it is idle and also 
operates the cutoff (C.O. )relay, clearing the line of the line 
relay and the line switch equipment. In this case the busy con- 
dition is placed on the multiple terminals by the final selector. 
The details of the busy test are described in the Final Testing 
Circuit accompanying these descriptions. 
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The subscriber’ a line is terminated at the main frame and 
extended to the horizontal side of the intermediate frame in the 
same manner as in a manual oifice. A multiple of the line is 
carried from the horizontal side of the intermediate frame to the 
multiple bank terminals of the final selector frame, which cor- 
responds to the multiple jacks in a manual office and provides 
means for incoming calls to reach the line. The line is also 
cross-connected to the vertical side of the intermediate frame and 
extended from there to line and cutoff relays and the line switch 
at the line switch frame. 

When the subscriber removes the receiver from the hook 
to originate a call, the line relay (L) operates as in a manual 
office. If the line switch is in its normal position, ground is 
furnished to the stepping magnet (STP) at the test arc in this j 
position of the switch, and it advances to the first set of trunk 
terminals. 

The advance of the line switch off the normal position 
places a busy condition on the sleeve terminal of the final se- 
lector frame multiple by sending battery to the terminal by way of 
the "tfS" arc of the line switch. See in "kinal Testing Circuit" 
write-up the d escription on Direct Line Busy, and iirst Line but 
not all lines of a P.B.X. group bu^y. 

Busy trunks to the district and sender selectors have 
ground, and idle trunks have battery on the test wire at the dis- 
trict frame. If the first four trunks are busy as shown, the step- 
ping ( STP) magnet operates on a circuit over the test arc of the 
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Bwitch to ground on the busy trunks and continues tc advance the 
switch until the brushes reach an idle trunk. The battery on the 
test wire of the idle trunk is connected in parallel with the 
STP magnet, through the second winding of the line relay and the 
two windings of the cutoff relay to ground. This prevents the 
stepping magnet from operating thus stopping the advance of the line 
switch and also operates the cutoff relay which cuts off the line 
relay and closes the tip and ring conductors through to the trunk. 
The circuit through the second winding of "L" relay insures the 
operation of the C.O. relay until the circuit is transferred to 
the DS lead. 

In order to prevent the trunk being seised by another line 
switch, it is necessary to remove the battery from the test lead 
at the district and olace a ground on it. This is accomplished by 
the operation of the sleeve (SL) relay in the district sleeve lead, 
(marked "D8" on the drawing), to ground through the holding winding 
of the cutoff relay. 

If the calling subscriber hange up during any part of the 
call, the battery is cut off from the sleeve wire at the district 
and the cutoff relay releases. The stepping magnet then operates 
over a circuit to ground at the off normal positions of the ST arc 
of the line switch, advancing the switch until it reaches normal 
position. 

Pulsing and Preliginary Pulse Circuit, 2-Digjt Sender . 

The oulsing circuit which is located in the sender is the 
means by which the pulses sent by the operation of the subscriber's 
dial, that is, making and breaking the circuit, set the registers to 
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correspond with the number of pulses dialed. Dialing is made in 
following oraers, office code which sets the A and B registers, 
thousands, hundreds, tens and units. 

Drawing No. 706-225 shows the circuit for pulsing in 
simplified form. When the subscriber removes his receiver from the 
hook and a sender has been picked, a circuit is closed to operate 
the n L" relay in the sender. The operation of the "L" relay closes 
a circuit from ground at its front contact to operate the slow 
release "SDR" relay which in turn operates the release "ELS" relay. 

The "L" relay is a quick acting relay which responds to 
the impulses of the dial, but the "SLR" relay is of the slow re- 
lease type and does not fall off during the short intervals its 
circuit is opened by the "L" relay due to the dial pulses. It 
accordingly remains operated as long as the "L" relay is held up 
by the receiver being off the hook. 

When the first dial impulse is received the "L" relay 
releases and closes a circuit from ground at back contact of "L" 
relay through the contact of "RLS\ normal contact of RC-4 arc, con- 
tact of the preliminary pulse "PP" relay, winding of A-register 
stepping magnet, winding of register advance "RA" relay, through 
45 ohms to battery. A circuit is also closed from the same ground 
over the same path until the A-register magnet is reached, then 
through the contact of the A-register magnet, the strappings of 
A-l arc which are connected to the normal contact of the register 
control (RC) -5 arc, back contact of "PP" relay, winding of PH 
relay to battery. The A-regiater magnet and the RA relay operate 
on the first circuit, and the brushes of the A-register magnet 
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follow the dial pulses, stepping one step for each impulse, i.e., 
for each break: of the current. The RA relay is of the slow re- 
lease type and does not release until the longer interval between 
the dialing of the first and second digits occurs. When RA re- 
leases it closed a circuit from ground at its contact, through the 
winding of "ON" relay, C cam, A-l arc, back contact and winding 
of A-register magnet, winding of "HA" relay to battery, ON is of 
such high resistance that the A-register magnet and "RA" relay do 
not operate. The operation of "ON" relay closes a circuit from 
ground at its contact, through the normal contact of RC-2 arc, con- 
tact of RA relay, back contact and winding of the register control 
"RC" magnet to battery. RC magnet operates and advances the RC 
arcs one step, directing the lead at RC-4 to the stepping magnet of 
the "B" register. 

The PH relay is operated over the second circuit by each 
pulse and locks itself up over the back contact of the STP magnet. 

It is used to take care of the case where the impulses from a badly 
adjusted dial are so short that they would fail to operate the STP 
magnet. Assume that the pulse, ie. , the break in the line was very 
short - so short that the heavy STP magnet would fail to pull up. 

The PH relay, however, is a quick acting relay and will operate on 
a very short break. It therefore operates, getting current as long 
as the STP back contact is closed, and supplies ground to operate 
the STP magnet. 

The B register, thousands, hundreds, tens and units register 
and stations registers if the called station is a party line, or 
P.B.X. to be dialed direct, are set according to the number of pulses 
dialed in the same manner as the A-register. 
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follow the dial pulses, stepping one step for each impulse, i.e., 
for each break of the current. The RA relay is of the slow re- 
lease type and does not release until the longer interval between 
the dialing of the first and second digits occurs. When RA re- 
leases it closed a circuit from ground at its contact, through the 
winding of "ON" relay, C cam, A-l arc, back contact and winding 
of A-regiBter magnet, winding of "RA" relay to battery, ON is of 
such high resistance that the A-register magnet and "RA" relay do 
not operate. The operation of "ON" relay closes a circuit from 
ground at its contact, through the normal contact of RC-2 arc, con- 
tact of RA relay, back contact and winding of the register control 
"RC" magnet to battery. RC magnet operates and advances the RC 
arcs one step, directing the lead at RC-4 to the stepping magnet of 
the "£" register. 

The PH relay is operated over the second circuit by each 
pulse and locks itself up over the back contact of the STP magnet. 

It is used to take care of the case where the impulses from a badly 
adjusted dial are so short that they would fail to operate the STP 
magnet. Assume that the pulse, ie. , the break in the line was very 
short - so short that the heavy STP magnet would fail to pull up. 

The PH relay, however, is a quick acting relay and will operate on 
a very short break. It therefore operates, getting current as long 
as the STP back contact is closed, and supplies ground to operate 
the STP magnet. 

The B register, thousands, hundreds, tens and units register 
and stations registers if the called station is a party line, or 
P.B.X. to be dialed direct, are set according to the number of pulses 
dialed in the same manner as the A-register. 
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Preliminary Pulse 

A preliminary pulse is a single pulse caused toy the sub- 
scriber accidentally knocking down the switch hook as he takes the 
receiver off or from some other cause which will cause the pulling 
circuit to be broken once before the subscriber starts to dial. 

The circuit is arranged so that if a preliminary pulse is sent a 
relay is operated so as to absorb the first pulse when dialing 
starts so that the preliminary pulse has no effect. If this were 
not done a wrong number would result as the A register would be set 
by the preliminary pulse. The description of the preliminary pulse 
circuit will be given later. 

On a preliminary pulse which may be caused by the subscriber 
accidentally moving the switch hook or from other causes, the A- 
register is advanced one step as described above. When the HA relay 
releases a circuit is closed from ground at its contact, through #1 
terminal of A-4 arc, winding of preliminary pulse (PP) relay to 
battery operating PP relay. PS relay is operated as soon as RLS 
relay operated and remains operated until the RC switch is stepped 
one step. Its circuit is from ground at front contact, right hand 
armature of RLS relay, through the normal contact of RC-3 arc 
(not shown), winding of PS relay to battery. The operation of PS 
breaks a circuit which would have operated ON relay and thus advance 
the register control switch one step. As ON relay is not operated 
the register control switch is not stepped. 

If the subscriber now dials, the first pulse closes a 
circuit from ground at "L" relay, RLS contact, RC-4 arc, 5 ohm 
differential winding of PP relay, winding of RA relay to battery 
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operating RA relay, RA in operating breaks the ground through the 
1000 ohm winding of PP relay thus releasing the PP relay. RA is of 
the slow release type and remains operated during the eeries of 
pulses. It will thus be seen that the first pulse of the series 
dialed by the subscriber has had no effect on the A register, but 
the remaining pulses will go through the regular path to advance 
the A-register* In other words when a preliminary pulse occurs, one 
pulse is subtracted from the dial pulses. 

Fundamental Selecting and Counting Relay Circuit 

Drawing Ko. 706-194 shows the combination of the fundamental 
selecting and counting relay circuits in simplified form. For clear- 
ness this description will be of the fundamental selecting and 
counting relay circuit combined, in order to show how each circuit 
depends on the other. 

The fundamental selecting and counting relay circuit is 
used to control the brush and group selections on the district, 
oilfice, and incoming selector frames; and the brush, the group, and 
individual line selections on the final selector frame. The opera- 
tion of the circuit is the same for making any one of the selections 
and the same equipment in the sender is used for all selections; 
that is, the stepping relay and the counting relays are used for 
making one selection, then released, and when the sender sequence 
switch reaches the next selecting oosition, are used for making 
that selection. 

For selections made on the district frame, a single con- 
ductor with ground return is used between the sender and the se- 
lector. For selections made on other frames which may be located 
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in a distant office, a metallic circuit is provided in order to 
avoid troubles from differences in ground potential. The circuits 
are the same except that in the first case the ground is supplied 
at the sender, while in the other a return lead is provided to 
the selector where the ground is applied. 

The drawing shows the connections for selecting the third 
or No. 2 district brush, and the following detailed description of 
the operation of the circuit covers such a selection but applies 
to all the selections controlled by the sender. 

The fundamental circuit is established when the district 
sequence switch is in the position immediately preceding the brush 
selecting position (pos. 3), and when the sender sequence switch 
is in the selecting position (pos. 2). This circuit from battery 
through one winding of the Lins relay (L) at the district, the 
winding of the stepping (STP) relay at the sender and the back 
contact of the BO* relay to ground, operates the L relay and the 
stepping relay. The operation of L relay advances the district 
sequence switch to the brush selection position (pos. 4). The 
operation of the stepping relay operates the No. 2 counting relay 
by closing the circuit from battery through the winding of the 
No. 2 counting relay, the back contact of the Ho. 2* counting 
relay, the front contact of the stepping relay to ground. The 
operation of the No. 2 counting relay closes the circuit through 
the winding of the No. 2* relay to ground but the relay doea not 
operate as it is shunted out by the circuit to ground through the 
front contact of the stepping relay. 

The lower front contact of the line relay energizes the 
up-drive magnet of the selector and the upper front contact sets up 
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a second path for the holding circuit of the L relay to the 
segment on the commutator for brush selection. This path is in 
parallel with the fundamental circuit to the sender but it is not 
closed when the selector is at normal because the commutator brush 
is then resting on insulation. Accordingly, when the grounded 
commutator brush reaches the first metal segment, due to the up- 
ward movement of the selector, the stepping relay in the sender is 
shunted and releases but the L relay is held up. The release of 
the stepping relay removes the shunt around the winding of the No. 

2* counting relay and it operates in series with the No. 2 counting 
relay. 

When the commutator brush reaches the second insulating 
segment, the shunt is removed from the stepping relay and it again 
operates in series with the L relay. The operation of the stepping 
relay operates the No. 1 counting relay by a circuit from battery 
through its winding, the back contact of the No. !• relay, the 
front contact of the No. 2* relay, and the contact of the stepoing 
relay to ground. The operation of the No. 1 relay closes a path 
through the No. 1* relay to ground but that relay does not operate 
as it is shunted out, as described for the No. 2 1 relay. 

When the commutator brush reaches the second metal segment, 
the shunt circuit is again closed around the stepping relay and it 
releases. This removes the shunt ifrom the No. 1* relay and it 
operates and locks up in series with the No. 1 counting relay. 

When the commutator brush reaches the third insulating 
segment, the shunt circuit is removed from the stepping relay and 
it again operates in series with the L relay. This operates the 
zero (0) counting relay by a circuit from battery through its 
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winding to the front contact of the No. V relay, the front con- 
tact of the No. C f relay, and the contact of the stepping relay 

to ground* The operation of the zero (0) counting relay closes 

the circuit through the windings of the BO* relay and the £0* 
relay in parallel to ground hut they do not operate as they are 
shunted out as described for the No. 2* relay. 

When the commutator brush reaches the third metal segment, 
the shunt circuit around the stepping relay is again closed and the 
stepping relay releases. Thi3 removes the shunt from the BO* and 
the JfO 9 relay and they operate locking up in series with the zero 
(o) relay. The operation of the BO’ relay opens the fundamental 

circuit and the operation of the 10* relay advances the sender 

sequence switch to pos. 4. When the commutator brush reaches the 
fourth insulator is opened and the relay released. The release 
of the L relay opens the up-drive clutch circuit and the selector 
steps in the position for tripping the No. 2 multiple brush. The 
L relay also advances the district sequence switch out of the se- 
lecting position just described. When the sender sequence switch 
advances beyond the selecting position, the locking circuit for 
the counting relays opens and the relays are released. This 
operation is then repeated for the group selection on the district 
and selections on other frames as stated in the beginning of this 
description. 

Trunk Hunting Circuit 

Drawing No. 706-193 shows a trunk hunting circuit in 
simplified form. This hunting circuit is used for selecting an 
idle trunk in a group of trunks appearing on a district, office, 
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or incoming multiple bank. The same principle is used for hunt- 
ing on all the selectors with the exception of the final, although 
the position of the selector sequence switch at which trunk hunt- 
ing takes place differs for the different selectors. 

After brush and group selections have been made as des- 
cribed in the fundamental and counting relay circuit, the selector 
is stopped at the terminal of the first trunk of the group se- 
lected and the district sequence switch is advanced to position 7. 

In position 7 a circuit is closed to again operate the 9 L 9 relay 
and advance the sequence switch to position 8 in which position 
trunk hunting takes place. Unless the "L" relay obtains a holding 
ground to the sleeve terminal in position 7-1/2 through the "E" 
cam , it will release before the sequence switch reaches position 8. 
The "L" relay thus acts as a test relay to determine whether trunk 
hunting takes place or whether the sequence switch will be moved 
out of position 8 immediately. This is determined by the condition 
of the sleeve terminal. 

The condition of the sleeve terminals of the trunk indi- 
cate whether they are idle or busy. On idle trunks the sleeve 
terminal is open and the "L" relay is not held operated. On busy 
trunks the sleeve terminal is grounded and the "L" relay is held 
operated until an idle trunk is found. If trunk hunting takes 
place, the "L" relay is held operated between terminals by the 
sleeve multiole brush which is a bridging brush. When an idle 
trunk is found, the *C n commutator is used to center the sleeve 
multiple brush on the idle trunk. 

The commutator brush is so set with relation to the 
multiple brush that it passes the insulated segment while the 
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multiple brush is in contact with the terminal, and passes o^er 
the metal segment of the commutator while the multiple brush is 
passing between adjacent terminals. 

If the first trunk of the group is idle, the sleeve 
terminal is open and the "L* relay releases in position 7-1/2. It 
cannot be operated by the commutator because as can be seen from 
the drawing the commutator is grounded only if the "L H relay is 
operated. The fact that the "L" relay is down in ooaition 8, 
prevents the operation of the updrive magnet, and advances the 
district sequence switoh out of the trunk hunting position. 

If the first trunk of the group is busy, the "L" relay 
is held up by the circuit to ground at the sleeve of the multiple, 
the updrive magnet is energized and the selector moves upward. The 
bridging brush makes contact with the next terminal before breaking 
contact with the previous terminal and "L" relay ia thus held up 
as long as the multiple brush passes over busy terminals by the 
holding circuit to the sleeve. When the multiple brush reaches 
an idle line, the sleeve of which is open, the holding circuit to 
the sleeve for the "L* relay is broken. This relay will not re- 
lease however, because the commutator brush is making contact with 
the metal segment, thus providing a second holding path until the 
insulated segment is reached. Striking the insulated segment 
breaks this second holding circuit which releases "L* relay and 
allows the multiple brush to center on the terminal. The release 
of the "L" relay then opens the updrive magnet circuit and ad- 
vances the sequence switch out of the trunk hunting position. 

The tip and ring brushes (not shown on the drawing) are 
opened in position 8 of the sequence switch during trunk hunting 
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so that established connections are not interfered witfc. 

Subscriber's and Cordless M 3" Senders 
Drawing No* 706-201 shows in simplified form the method 
of translating the numerical pulses sent by the subscriber's dial 
to make brush and group selection on the incoming frame, and brush, 
tens, and unit selection on the final frame. 

Por the 3ake of clearness, it will be well to acquaint 
the reader with just what '♦translation' 1 is. When the subscriber 
calls any number he dials only four numerical digits but five 
selections have to be made from this; viz. incoming brush and 
group, and final brush, tens and units. To accomplish these 
selections the numbers must be "translated* to choose the proper 
incoming brush, incoming group and final brush. No " translation" 
is necessary to choose the final group and units, since each 
final bank has ten groups of ten terminals each ana therefore the 
tens digits chooses the group and the units digit the terminal, 
directly. 


Each incoming selector must have access to all of the 
10,000 final terminals in the unit. Since the incoming selector 
has 5 brushes, each brush, therefore, has access to one-fifth of 
the total or 2,000 terminals. The brushes are numbered from 
0 to 4, starting from the bottom. Brush #0 has access to ter- 
minals #0000 t 0 1999 inclusive, brush #1 to terminals #2000 to 
3999 and so on. 

Since each final selector has capacity for 500 terminals 
and 2000 terminals are reached thru each incoming brush, then each 
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incoming Brush must have access to 4 group* of final selector*. 
Therefore, the incoming banks of 100 terminals are each divided 
into 4 groups. The arrangement is as follows: 


Incoming 

Incoming 

To Final 

Reaching 


Group Mo. 

Choice No. 

T prminal. Noa. 


1 

1 

[ 3 

19 

9500 

to 9999 

4 


2 

18 

9000 

• 9499 



1 

17 

8500 

" 8999 



[ o 

16 

8000 

" 8499 



[ 3 

15 

7500 

• 7999 

3 


l 2 

14 

7000 

• 7499 



[ 1 

13 

6500 

" 6999 



l o 

12 

6000 

" 6499 



( 3 

11 

5500 

• 5999 

2 


( 2 

10 

5000 

• 5499 



[ 1 

9 

4500 

■ 4999 



[ o 

8 

4000 

• 4499 


1 

( 3 

7 

3500 

" 3999 

1 

i 

I 

2 

6 

3000 

" 3499 



1 

5 

2500 

" 2999 



1 o 

4 

2000 

* 2499 


1 

[ 3 

3 

1500 

• 1999 

0 


[ 2 

2 

1000 

• 1499 


i 

[ 1 

1 

0500 

• 0999 


1 

i o 

0 

0000 

" 0499 

From an 

inspection of 

the above table 

it can 

be seen »hat 


incoming brush and what incoming group must be selected in order 
to get access to any number. 
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A short rule in use at present among the maintenance em- 
ployees to determine the incoming brush and group is to take the 
thousands digits and divide it by 2. This gives the incoming brush. 
The remainder is then prefixed to the hundreds digit, and the result 
divided by 5. This gives the incoming group and the remainder 
gives the final brush. Taking the number 39 56 for example, the 
calculation would be as follows:- 

2/g 5/19 

#1 Incoming brush #3 Incoming group, #4 final hru.h 

The final brush is also given directly by the hundreds digit if it 
is 4 or less. If it is over 5, subtract 5 from it and the remainder 
gives the number of the brush. 

The drawing shows the manner in which the counting relays 
are connected to the terminals of the registers. Assuming the number 
3956 has been dialed, the brushes of the registers are set as 
follows s- 

THS - 1 and 2 on 3 
HDS - 1 and 2 on 9 
Tens - on 5 

Units- on 6 

When the sender reaches the incoming brush selection positions, con- 
tact A at the M cam is closed, contacts BCD and E at the H and N 
cams being open. Ground from the stepping relay is, therefore, 
closed through contact A and the brush on the THS-1 register, in 
this case to the No. 1 counting relay. (The numbers in circles on 
the register leads mean that the leads are carried to the cor- 
respondingly numbered points of the counting relays). Brush se“ 
lection now takes place as described under * Fundamental and Counting 
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Relay Circuit" # in this case the No. 1 brush being chosen. It 
will be noted that if the register setting had been either 0 or 1, 
the No. 0 bruBh would have been chosen, if 2 or 3, the No. 1 brush 
etc. as required by the numbering table already given. The 
operation of the FO* relay (which gets ground on its moving spring 
in this position of the sequence switch) advances the sender se- 
quence switch to the next selecting position, i.e., for incoming 
group selection. 

In this position of the sender sequence switch contact B 
is closed and the others open. A path is therefore closed from 
ground at the stepping relay through contact B to the THS-2 arc* 
Since the THS register is set at 3, the circuit is brought to the 
right hand spring of relay IG. This relay is operated since it 
gets current from HDS-2 which is set at 9. The right hand spring 
of relay IG is therefore connected to No. 3 counting relay to 
choose No. 3 group as required. It will be noted by looking at 
the wiring of the THS-2 and HDS-2 registers, that group selection 
takes place as follows:- 

Thousands odd, hundreds 5 to 9, Group No. 3 
" odd " 0 to 4 " " 2 

" even " 5 to 9 " "1 

" even " 0 to 4 * ”0 

By consulting the numbering table previously given it will be seen 
that this wiring chooses the proper group. 

After group selection the BO 1 relay again advances the 
sender to final brush selection. In this position of the sequence 
switch contact C is closed and the circuit goes to HDS-1 brush and 
arc. Since the hundreds number is 9 a circuit is closed to trip 
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No. 4 brush aa required. 

The tens and units selections are obtained in the same 
manner when the sender sequence switch reaches its tens selection 
(d) and unit selection (E) position respectively. 

Cordless W B" 

The number set up by the cordless operator must make 
incoming brush and group selection, and final brush, tens, and units 
selection the came as the subscriber’s sender. When the cordless 
"E" operator receives a number over the call circuit trunk from an 
"A” operator, she plays up the number on a key-set located at her 
position, consisting of four rows of keys - thousands, hundreds, 
tens and units respectively, numbered from 0 to 9 inclusive. 

The principle of translating is the same as for the sub- 
scriber’s sender. The only difference is that for the subscriber’s 
sender, connections to the counting relays are thru register arcs, 
while in the cordless "B” translation the depression of the keys 
operates relays which make the connections to the counting relays. 

Final Testing Circuit 

Drawing No. 706-198 shows in simplified form the method 
of testing the subscriber’s lines at the final selector. 

A final selector upon testing a subscriber’s line gets in- 
formation as to how to proceed by the condition that it finds on 
the sleeve contact of the line. Upon testing a line not forming 
one of a P.B.X. group, it must be told whether the line is idle or 
busy, in order to know what to do next. If the line is idle it 
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it must seize it, making it busy to other calls, and then complete 
the talking circuit. If the line is busy, it must drop the line 
promptly and send the busy signal back. 

In the case of the last line of a P.B.X. group, the final 
selector must proceed just as outlined above for a line not forming 
one of a P.B.X. group of lines. The last line of a P.B.X. group 
is therefore wired like a line not forming one of a P.B.X. group. 

In the case of any P.B.X. line except the last one, on 
the other hand, if the final selector finds this line busy, it 
must act differently, namely, hunt further for an idle line. The 
aleerea of such lines are therefore wired differently, in order 
to allow the final selector to distinguish them. The conditions on 
the sleeve are shown on drawing #706-198 as follows: In the case 
of a direct line or the last line of a P.B.X. group, the sleeve 
terminal in the final multiple is wired to ground through both 
windings of the cut-off relay but in the case of a P.B.X. line 
other than the last of the group, to ground through the low re- 
sistance winding only. On a direct line or on the last line of 
a P.B.X. group that is busy due to an originated call, the sleeve 
terminal of the final multiple is connected to battery at the line 
switch through a relatively low resistance (600 ohms). 

On a line of a group to a P.B.X. (other than the last line) 
that is busy due to a call originated at the P.B.X., the sleeve 
terminal is connected to battery at the line switch through a re- 
latively high resistance (2200 ohms). See Drawing 706-197 showing 
the line switch. 
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To make a line of either type busy, the connector puts 
battery through 220 ohms on the sleeve. 

The marginal relay in the final circuit marked "P.B.X." 
on the drawing is so adjusted that it will operate when the se- 
lector makes connection to a busy direct line or a Y>usy last line 
of a P.B.X. group but will not operate when connection is made to 
busy lines of a P.B.X. group other than the last line. The opera- 
tion of the test circuit for the various conditions is as follows: 

Idle Line. If the line selected is idle the final test 
circuit does not obtain battery from the sleeve and the "L" relay 
releases. This makes busy the multiple terminals of the selected 
line and advances the final selector sequence switch to the talking 
position. 

Busy Direct Line or Last Line of a P.B.X. Group. In this 
case the TB relay and P.B.X. relay in the final testing circuit 
receives battery from the sleeve of the line sufficient to operate 
them. TB relay then holds the L relay operated. The operation of 
the P.B.X. relay causes the final to be released and a busy signal 
to be sent back to the calling subscriber. 

Busy P.B.X. Line. Other than Last of a Group. In this case 
the TB relay and P.B.X. relay in the final testing circuit receive 
battery such that the TB relay is operated, but the P.B.X. relay is 
not operated. TB relay then holds the L relay operated. With this 
condition a trunk hunting circuit is established, and an idle line 
is hunted for in the same manner as described for selector trunk 
hunting. The L relay releases if an idle line is found, the 
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multiple terminals are made Busy and the final selector is ad- 
vanced to its talking position. 

If all lines are found busy when the final selector comes 
to the last line it sends the busy signal as described for a busy 
direct line. 



Method of Setting Translator 

Power Driven Rotary Switch. 

This schematic drawing #706-227 shows in a simplified 
form how the rotary switch translator is operated. 

The function of translation is to change the office code, 
that is, the first two letters dialed of the office name, so as to 
make the class, district brush and group selections, and office 
brush and group selections provided trunks to a distant office are 
taken off an office frame. As the description will be only on 
the setting of the translator, some confusion will probably arise 
in the mind of the reader how all these selections can be made. 

Where only one bank or arc of terminals is shown on the schematic 
it must be remembered that the rotary switch used, consists of six 
arcs of terminals. The remaining five arcs make the class, district 
brush and group, and office brush and group selections. 

When the W RC" register is advanced to the No. 2 contact 
i.e., after the M B" register has been set, a circuit is closed to 
operate the ST (translator start) relay. If the "A" register has 
been set on an odd number terminal a circuit is closed to operate 
the switching relay SW. SW relay energizes and connects ground to 
the wiper associated with T2-S arc of the translator since a point 
on this translator arc is to be selected. If the A register is set 
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on an even numbered terminal, S 1 relay does not operate and TI-3 
wiper of the translator is connected to ground. 

67 relay in operating closes a circuit from ground at its 
oontact, thru the winding of the turn magnet, to battery thru the 
bock contact of ths stop magnet. The turn magnet will energise and 
cause the translator brushes to rotate until the wiper which has 
been connected to ground roaches the terminal picked by the combination 
of the "A" and registers. then this terminal is found s circuit 
is dosed fro* ground at ST relay, thru the back contact of SW relay, 

TI-3 arc thru either theB-3,, B-5, or B-6 arcs of the B register thru 
the A- 3 arc of the *A* register, the 2000 ohm winding of T3 relay to 
battery. T3 relay operates closing circuits from ground at its contacts 
to set the class sequence switch and advance the sender sequence 
switch out of position 1. 

The stop magnet is operated when the translator switch finds 
the selected terminal over the same circuit described above, opening 
the battery supply through the turn magnet end insuring a positive 
stop. 

K.KLAY MLL INDICATOR i>UL3IM0 CIRCUIT . 

In sending a call from a full mechanical office to a manual 
office, there rust be some means whereby the operator in the manual 
office will know what number is being called. The means used are 
composed of what is known as a call indicator impulser sequence switch 
in the sender equipment of the full mechanical office, and relay call 
indicator equipment consisting of relays and lamps in the manual office. 

Call indicator pulses ere caused to be sent over the trunk 
to the manual office by rotation of the iropulsor sequence switch. 
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and these pulses are received by relays in the manual office cell 
indicator equipment to light lamps under the corresponding digits, 
thus causing the number called to be displayed before a *3* operator. 
Call indicator pulses sre of four kinds os followsj- 
Posltive Battery on tip through high resistance 

Heavy negative Battery on ring through low resistance 

Light negative * mm • high • 

Open 

Four pulses ere sent out for each digit in the form of a code. The 
first and third pulses of the code consist of either an open or a 
positive pulse, and the second and fourth of a light or a heavy 
negative pulse. The following table shows under Pulses the code 
used for the different digits: 


Plglts 

0 

1 

2 

3 

4 

5 

6 


Pulses 


12 3 4 


Pulse 


(heavy) 

(henry) 

- ♦ 

(heavy) 

(heavy) 

(heavy) (heavy) 


SH-1 


SS-1 


SN-1 


2 

3 

4 

SB 


SB 

5H 


SB 

*G 


SB 

4 

SB 

■G 


SB 

* 

SB 

SB 

SB-1 

SB 

SB 


y o 

SB 


* 

SB 

BO 



* 

UQ 


SB 

ttG 

* 


4 

3H 


SB 


7 
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Fulee 

Digits Pulses Relays operated 

12 3 4 12 3 4 


8 ♦ 

(heavy) (heavy) ri-1 KO BO 

k * 

SH 

9 - ♦ (heavy) 

rar sh-i hg 
& 

S3 

Kota; Blank spaces mean open. 

In order to send out these pulses the impulaer sequence 
switch in the sender is arranged to make one revolution during which 
the four pulses for each digit of the subscriber* s number are sent. 
The switch is divided into six equal parts (See Drawing Ho. 706-235) 
to send out the stations, thousands, hundreds, t-ns and units pulses, 
respectively, rhile passing through the sixth position no pulsee 
are sent as there are no cuttings on the cams. 

AS four pulses are sent for each digit, each of the five 
working parts of the sequence switch is subdivided into four parts. 
Thus twenty pulses are sent during the cycle of the impulse r sequence 
switch. The positions shown on Drawing Ho. 706-235 are the actual 
positions in which the pulses are sent out. fhile the switch is 
rotating through these positions, the proper codes are sent to three 
pulse relays in the call indicator equipment at the manual office to 
cause the number to be displayed on the indicator. These three pulse 
relays respond to the pulses, and in turn operate the proper lamp 
relays as described below. 
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Circuit Operation. 

After the registers have been set and the trunk to the 
manual office selected, the sender sequence switch is advanced to 
a position to start the call indicator irapulser sequence switch re- 
volving, and, as soon as the H B" operator depresses the display key 
associated with the trunk selected, the pulses are sent out by the 
sequence switch. 

Drawing No. 706-230 (Sketchl) shows schematically the 
method of sending the pulses and operating the relays at the call 
indicator position in the manual office. 

The MG, SN and SN-1 pulse relays in the manual office 
receive the pulses from the sender. The MG relay is marginal and, 
therefore, operates only on heavy negative pulBes which according 
to the code may be the second and fourth oulses. The SN relay is 
polarized and is connected so as to operate on negative pulses 
whether heavy or light and therefore always operates during the 
second and fourth pulses. SN-1 is also polarized and operates only 
on positive pulses and may therefore operate during the first and 
third pulses. The preceding table shows how these pulse relays are 
operated for each digit. 

The SN relay operates the W and Z relays which go through 
a complete cycle of operations for every four pulses, i.e. for each 
digit. The W and Z relays control the switching relays ST, ST-1 and 
TH, TH-1 etc. which switch the leads from the pulse relays first to 
the station lamp relay , then to the thousands lamp relays, then to 
the hundreds lamp relays, etc. The* lamp relays (not shown) when 
operated in combinations, put current through the proper lamps to 
display the digits desired. 

\ 
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Five digits must be sent for each number called, namely: 
stations, thousands, etc. to units. The stations digit is used to 
take care of party letters and numbers over 9999. In omaha it is 
not necessary to display any party letters, but the so called sta- 
tion pulses are used to display either 0 or 1 in the station place. 

At present there are no numbers above 9999 so #0 is always displayed 
but the circuit is arranged so that the #1 may be displayed if 
numbers over 9999 are later desired. 

The sender at the mechanical office is shown in simplified 
schematic form and is assumed to operate as follows: - 

The ¥, H, I and J cams move through positions 1 to 4 for 
each digit, making the necessary connections to send the proper 
pulses as determined by the setting of the registers 1 and 2. The 
register brushes are assumed first to stand in position to send 
the first digit, and after that has been sent to move to the setting 
corresponding to the second digit, etc. 

The code for #0 digit consists of; open, light negative, 
open, light negative. These pulses have the following results: 

The first pulse being an open, nothing happens. The circuit 
for the Ho. 2 pulse is from ground at ¥ cam, over the tip side, 
through EG, SN and SN-1 relays, back over the ring side, through J 
cam and high resistance to battery. SN relay operates closing a 
circuit from ground at its contact through the 250-ohm winding of 
W relay and the 165-ohm winding of Z relay to battery, operating 
and locking the W. relay. Z relay is marginal and does not operate 
when its 165-ohm winding is energized. The release of SN allows the 
Z relay to operate in series with W and both relays lock. When V relay 
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operated, a circuit was closed from ground at its contact to 
operate the stations switching relay (ST), The third pulse being 
an open, nothing happens. When the next pulse is sent, which is 
the fourth pulse of the stations series, the SB relay again operates. 
The Battery of the Z relay now finding a direct path to ground 
short circuits the W relay which releases, and the following open- 
ing of the circuit By the release of SB releases the Z relay. 

Upon the release of Z relay, the shunt which was holding ST-1 relay 
inoperative is removed and the ST-1 now operates in aeries with 
ST relay to cut the leads through to the thousands counting relays 
(TH) and to the lamp relays, ST and ST-1 relays remain locked up. 

The sending of the thousands pulses will Be descriBed, and 
the same principle applies to the hundreds, tens and units pulses. 
After the ST and ST-1 relays have Been operated By the 
station pulses, the circuit is now ready to receive the thousand 
pulses. Whenever the first pulse is positive the SB-1 relay operates 
closing a circuit from ground at its contact, contact of W relay 
(not operated), contact of ST relay (operated), contact TH relay 
(not operated )to operate the A relay of the thousands lamps. 

When the second pulse is a light negative pulse, SN relay operates 
closing a circuit from ground at its contact, contact Z relay, 

250 ohm winding of W relay, 165 ohm winding of Z relay to Battery, 
operating and locking W relay. Z relay is marginal and does not 
operate when its 165 ohm winding is energized. The release of SB 
allows Z relay to operate in series with W and Both relays lock. 

When the second pulse is a heavy negative pulse, kG and SB would 
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both operate. VG relay closes a circuit from ground at its contact, 
contact of Z relay (not operated), contact of ST-1 relay (operated), 
contact TH-1 relay (not operated) to operate the B relay of the 
thousands lamp relays. When W relay operated upon the ooeration 
of SN relay, a circuit is closed from ground at contact of W relay, 
contact of ST-1 relay (operated), contact of TH-1 relay (not operat- 
ed) winding of TH relay to Battery operating TH relay. TH relay 
locks to ground when Z relay and shunts down TH-1 relay. 

If the third pulse is an open nothing happens but if it is 
a positive pulse Stf-1 relay operates, closing a circuit from ground 
at its contact, contact of W relay (operated), contact of ST relay 
(operated), contact of TH relay (operated) to operate the C relay 
of the thousands lamp relays. If the fourth pulse is a heavy 
negative pulse ?;G and SN relay again operates. The operation 
of UG closes a circuit from ground at its contact, contact of Z 
relay (operated), contact ST-1 relay (ooerated), contact TH-1 relay 
(not operated) to operate D relay of the lamp relaye. The operation 
of SN closes a circuit from ground at its contact, contact and 165 
ohm winding of Z relay to battery, i relay is short circuited by 
this path and releases. Upon the release of SN relay, the Z relay 
releases, openingthe shunt around TH-1 relay and TH-1 relay now 
pulls up in series with TH relay and both lock. The circuit for 
the hundreds pulses are now cut through the hundreds switching re- 
lays H and H-l (not known). If a light negative oulse is sent, 

SN only will be operated, and no laico relay is energised. 
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When the proper combination of the A.B.C and D lamo relay* 
has teen looked up according to the code, they cloee a path to 

light the proper lamp. 
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DIVISION B 

BIIX-VJgC}l\NICAL QVFIC55 

Section IV. Circuits 

The method of operation of the circuits should be 
studied next. The circuit drawings together with method of 
Operation Sheets describing how the circuits operate are furnished 
by the Western Electric Company Inc. The Method of Operation 
Sheets show the testing and re-adjusting current values to be 
used for each relay, as well as where the relays are to be 
picked up for testing and adjusting purposes. 

Following is a description of the method of opera- 
tion of the Cordless "B" Board Circuits supplementing the Method 
of Operation Sheets. 
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CORDLESS "B» BOARD CIRCUITS 

IffiTHOD Off OPLHATIQy 

Circuit Drawings: - 


Interoffice Cordless 

ES- 207494, 

Iss 

ue #5 

Cordless Allotter 

ES- 207164, 


# 4 

Cordless Sender Selector 

ES- 207 497, 


#9 

Cordless Sender 

ES- 207070, 


#5 

Cordless Register Control 

ES- 207069, 


#4 

Cordless Fey 

ES- 207500, 


#4 

Cordless Fey Control 

ES- 207499, 


#6 

Final 

ES- 207389, 


#8 


ES- 2079 59, 


#3 

Individual Line Switch 

ES- 207698, 


#4 

Arrangement of Plugs and 

Jacks for Allotter, Sender 

Selector and Key Circuits 

ES- 207664, 

• 

#1 


Bote:- The circuit issues given above are not the latest. 

The description given below may therefore be found to 
differ in certain respects from the latest circuits. 

General: 

Cordless •B* positions are installed in mechanical offices 
for handling incoming calls from manual offices at which no apparatus 
for dialing through is provided. The "A** operators in these manual 
offices pass the orders over call circuits to the cordless *B" operators 
who assign trunks just the same as in manual practice. 

Trunk Equipment: 

The trunks terminate at manual offices in outgoing trunk jacks 
and at mechanical offices in selectors on special incoming frames. At 
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the cordless switchboard, each trunk is represented by two keys and 
two lamps, as follows: 

(a) The non-locking ASSIGNMENT key, which is nearest the 
operator, when depressed causes an idle sender to be connected to 

the trunk and the set of numerical recording keys to become associate d 
with the sender. 

(b) The locking DISCONNECT key, which is next to the assign- 
ment key, when depressed, causes the apparatus connected with the 
trunk to return to normal. This key is released by the depression of 
the assignment key. 

(c) The front lamp (green) in the BUSY lamp. It begins to 
flicker as soon as an idle sender has been found and the called 
number has been set up on the numerical keys; it continues to flicker 
until selection is completed and then lights steadily until the trunk 
is released by the "A" operator, when it flashes in unison with the 
white lamp. In case the connection is not completed, due to apparatu® 
trouble, the lamp continues to flicker. 

(d) The back lamp (white) is the GUARD lamp. It lights when 
an assignment key is depressed or when an "A w operator takes up a 
trunk on which the assignment key has not been depressed. Alter the 
depression of the assignment key the lamp remains lighted, whether or 
not the "A" operator has taken up the trunk, until the numerical keys 
have been depressed, when it goes out. After the called line has 
been selected the guard signal remains out if the "A* operator has 
taken up the trunk or burns steadily until the ’•A" operator takes up 
the trunk or until the "B" operator depresses the disconnect key. 
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This lamp flickers after the numerical keys have been depressed, if all 

€ 

of the paths to the called number are busy. When the "A" operator disconnects 
from the trunk, the guard signal flashes in unison with the busy lamp 
until the "B" operator depresses the disconnect key. 

Position Equipment ; 

Each cordless "B" position is provided with a set of mechani- 
cally locking numerical keys comprising four rows of ten keys each, 
numbered from 0 to 9 in each row to represent the thousands, hundreds, 
tens and units digits of the called number. In establishing a con- 
nection, it is necessary for the "B" operator, after depressing the 
assignment key of a trunk, to depress 6ne key in each row of numerical 
keys in order to start the selection of the called number. 

In addition to the above, each cordless "B" position has 
associated with it, the following arparatue:- 

Five SENDER SELECTOR circuits, each of which has two 
selector mechanisms, one for connecting to the assigned trunk 
and the other for connecting to an idle sender. They are 
numbered from 1 to 5 odd ones being located on the front 
and the even ones on the rear of the frame. Each sender se- 
lector circuit has a make busy key "MB" by means of which it 
can be taken out of service. Provision is made for six Sender 
Selector Circuits but only five will be equipped initially. 

Two AIL OTTER circuits, one on each side of the frame. 

The front allotter assigns sender selectors 1,3 and 5 in order 
and the rear allotter assigns sender selectors 2, 4 and 6 in 
order, i.e. the sender selectors are used in rotation in the 
following order 1, 3, 5, 2, 4. The allotter and sender 
selector circuits are so arranged that by changing certain 
patching plugs either allotter can be taken out of service and 
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all sender selectors can be assigned by the other allotter. 

By shifting plug "K* to the trouble position all 
sender selectors are connected to the front allotter. If 
plug n L* ia shifted, all sender selectors are connected to 
the rear allotter. In shifting either plug, the correspond** 
ing plug springs shown on upper part of BS-207164 are with- 
drawn. 

Two KjjJY CONTROL circuits (£1 and #2) for transferring a 
record of the call from the numerical keys through the sender selector 
circuit to the register relays of the sender. These circuits axe 
used alternately, each assigning the other. Both are arranged to 
operate from tne same keys and in connectioh with any of the six 
sender selectors. 

The jack and plug arrangement is such that a 
control circuit from one position can be substituted 
for a corresponding control circuit at another posi- 
tion by means of patching cords. Also an emergency 
set of numerical keys can be substituted for the regular 
set at any position in case of trouble on the regular set. 

Circuit Operation - General Description: 

In this description of the circuit operations and in the 
detailed description which follows it is assumed that the front al- 
lotter is in Position #1 and that therefore #1 sender selector is 
assigned. In this case, #1 Sender Selector sequence switch will be 
in position #1 and the other Sender Selector sequence switches in 
Position #17 (awaiting assignment). It is also assumed that #1 key 
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control switch is at normal and that #2 control switch in foa. 9 or 
18, awaiting assignment. 

In completing a connection to a subscriber in a full 
mechanical office the cordless operator depresses the assignment key 
of the trunk which she has assigned and writes up the number of the 
called line on her set of numerical keys. 

The following operations result from the depression of 
the assignment key:- 

1. The trunk sequence switch advances from normal. 

2. The white lamp lights steadily, whether or not the "A" 

operator has taken up the trunk. 

NOTE:- If the "A" operator takes up the trunk before 
the depression of the assignment key, the 
white lamp lights steadily. 

3. Vo. 1 Sender Selector switch is advanced from normal. The 

trunk finder connects to the assigned trunk and the 
sender selector to an idle sender in the group which is 
common to all cordless positions. 

4. After the trunk in this way has been connected to a sender 

the sender switch is advanced from normal and the in- 
coming brush register relays are ready to take their 
setting from the numerical keys. 

After the called number has been written up on the numerical 
keys, the green lamp begins to flicker and the white lamp goes out 
provided the trunk has at this time been connected to a sender. The 


W 
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following operations then take place: - 

The sender selector circuit becomes associated 
with #1 key control circuit and closes through three leads 
( A, B and C) from the key control circuit to the sender 
circuit. These leads are used for transferring a record 
of the called number from the numerical keys to the register 
relays of the sender. The sender selector at this stage of 
selector at this stage of the operation causes the allotter 
to advance and assign the next sender selector for use on 
the next call. 

The incoming brush registration takes place first and 
is followed by the final brush, tens and units registrations in 
order. The sender and key control switches advance after each 
registration and in this way the three leads mentioned above are 
connected in turn to the four groups of register relays. Due to 
the fact that a final selector has access to 500 lines and that it 
is the function of the cordless selector to select a final which 
has access to the particular 500 lines in which the called line 
appears, the record from the thousands and hundreds keys has to be 
translated during registration into terms of incoming brush and 
group and final brush. This will be explained fully in the detailed 
description. 

After registration has taken place the numerical keys 
are released and the #1 key control circuit causes the #2 control 
circuit to advance to Fob. #1 for use on another call. The Sender 
Selector switch also advances to close through the fundamental 
circuit from the trunk to the sender. 
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Incoming brush and group selections, trunk hunting, 
final brush, tens and units selections then take place in the order 
named. The sender and sender selector are released and the cord- 
less switch is advanced to the "trunk olosure" position. 

The final proceeds to test the called line for busy. 

If the line is a direct line and idle, the final makes it busy and 
advances to the talking position; if line is busy the final returns 
to normal and sends a busy flash to the rt A H operator. In the case 
of an idle P.B.X. line the final acts tftte same as on an idle direct 
line. If P.B.X. line is busy, the final hunts for an idle line in 
the group and if one is found, makes it busy and advances to the 
talking position. If all lines in a P.B.X. group are busy, the 
final returns to normal and sends a busy flash to the "A" operator. 

Mien the cordless switch advances to the trunk closure 
position, the green light burns steadily. If the "A" operator has 
not taken up the trunk at this time the white lamp lights, but if 
she has taken it up the white lamp remains out and the cordless 
switch advances to the proper ringing position, causing the sub- 
scriber’s bell to ring. As soon as the subscriber answers, the "A" 
operator’s supervisory signal is shunted. 

Disconnection: 

When the "A" operator receives the disconnect signal and 
has removed her plug from the trunk jack the white and green lamps 
flash in unison and the W B M operator depresses the disconnect key; 
returning the cordless and final selectors to normal. 
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Circuit Operation - Detailed Description: 

The manual subscriber has called and been answered by a 
manual M A" operator who has, by means of a call circuit, been 
assigned a trunk by a cordless "B" operator in the mechanical 
office. The "A" operator plugs the calling cord of the pair 
(used in answering the manual subscriber) into the trunk assigned, 
connecting battery to the ring side and ground to the tip side of 
the incoming cordless trunk. The cordless operator depresses 
the assignment key of the trunk and writes up the called number on 
the recording keys. In this explanation, we will assume that the 
"A" operator plugs in before the "B" operator depresses the assign- 
ment key. 

"A" OPERATOR PLUGS Ilf, operating cordless relay " A*-l" which remains 
up until she disconnects. Circuit:- Battery, ring side of trunk, 

repeating coil, both windings 
of relay "A", repeating coil 
to ground on tip side of trunk* 
Relay *A-1* closes a circuit to operate 
cordless relay "L". Circuit: - 
Battery, inner winding "L" re- 
lay, "K" cam, *J M cam, front 
contact of relay "A" to ground* 
Relay "L * lights white lamp (guard signal). 

Circuit:- Battery, white lairqp, 
"F" cam, front contact *L* re- 
lay, "H* cam, ground. 
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* "B" OPERATOR DEPRESSES ASSIGNMENT KEY, advancing the cordless sequence 

switch to Pos. #2. Circuit:- Battery, "R" magnet, "A * cam, n C n 


cam, contact of assignment key, 
ground . 


Relay releases, its circuit being opened 
at M J H cam when sequence switch moves out of Pos. #1, The white 
lamp is now lighted by a circuit through H G* cam in Pos. #2. 


NOTE:- Only one cordless switch can be in Pos. 2 at the same 
time, as the depression of the assignment key of an- 
other trunk connects ground to the common lead, oper- 
ating relay "L" of the first cordless trunk and caus- 
ing the first cordless switch to return to normal. 


Sender Selector Selects an Idle Sender . 

The cordless switch in position No. 2 connects ground to 
the "ST" (start lead which is common to all cordless trunks and 
sender selectors belonging to the position. This closes a circuit 
to operate the "T" relay of the assigned sender selector which in 
this case is assumed to be No. 1 Circuit: - Battery winding T 


relay, "R** cam (sender selector) 
"MB* key contact, back contact 
"P3" relay (allotter), "ST" lead 
"M" cam (trunk), back contact 
H L M relay, "G" cam ground. 


Relay *T M closes circuit to operate relay "SH" (sender Selector) 



Circuit:- Battery inner winding 
”SH" relay, M J H cam, front con- 


tact 4 T rt relay, "I" cam ground. 


Relay H SH" advances sender selector switch to position 2, 


Circuit:- Ground, front con- 
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tact "SH" relay, "G" cam, 

"A* cam, "R" magnet battery. 

Relay "T" is now locked up through "L" cam and "C" commutator 
(Trunk Finder) to ground and also through "L" cam, back contact of "H* 
relay “I" cam to ground. 

In Position 2 of the sender selector switch, sender selector 
up dive magnet was operated by the circuit through "G" cam and front 
contact relay "SH" to ground. 

^hile the sender selector elevator is traveling upward the 
"SH" relay is held operated as long as the hunting brush "3" is 
passing over busy sender terminals. "Circuit:- Battery inner wind- 
ing "SH H relay, "F" cam, front 
contact "SH" relay, "3" cam, 

" S" brush to ground from the 
"E" cams of other sender 
selectors which are connected 
to the busy senders. A sender 
which is off normal also con- 
nects the ground from its 
cam through winding of "S* relay 
to the "S* terminal in the 
sender selector multiple. 

When the hunting brush "3* breaks contact with the busy 
terminal immediately preceding an idle terminal the inner winding 
circuit is open and relay "SH" will release as soon as the outer 
winding has been opened by the "C" conwiutator hru*h in moving off 
segment associated with the idle terminal. The brushes are then 
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centered on the terminals of the idle sender. Belay "SH" in re- 
leasing opens up drive circuit and connects ground from its back 
contaet through "3" cam to the *3" terminal to make the sender test 
buoy to other sender selectors. This ground is supplanted in posi- 
tion 2-3/4 to 8-1/4 by ground from can "E". Relay "SB" also ad- 
vances sender selector switch from position 2 to position 3. 

Circuit:- Ground, back 
contact "SH" relay, "C" 
cam, "A" cam, "R" magnet 
battery. 

Trunk Finder Picks up the Assigned Trunk 

As early as position No. 2 the trunk finder up drive was 
operated through cam * J* and front contact of Relay "T" and n I" 
cam to ground so that the trunk finder starts to pick up the as- 
signed trunk at the same time the sender selector starts to find 
an idle sender. Either operation may be completed first, but 
the sender selector switch is not moved out of Position No. 2 
until an idle sender has been selected or out of position 3 until 
the assigned trunk has been picked up. The trunk finder elevator 
travels upward causing the multiple brushes to wipe over the ter- 
minals until the hunting brush "3" makes contact with the hunting 
terminal of the assigned cordless trunk operating relay "H*. 

Circuit:- Battery wind- 
ing relay "R" , "P" cam, 

N S" brush, "HTG" lead, 

"L M cam (trunk), back con- 
tact relay L, "I" cam, ground. 
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Relay W H" opens one locking circuit of relay M T", but relay 
"T" does not release until the W C" commutator brush has moved above 
the "C* segment corresponding to the assigned trunk, relay "T" then 
releases the up drive circuit and allows the multiple brushes to be- 
come centered on the set of terminals belonging to the assigned trunk. 
Relay locks up locally through cams "P" and "I" until the 
sender selector switch advances beyond position 3-1/2. It closes 
a circuit to operate relay M HD H which in turn closes a circuit that 
becomes effective for holding up relay M H" after position 3-1/2 
of the sender selector switch. Circuit:- Battery winding 

"H" relay, "P* cam, front con- 
tact "H" relay, front contact 
"HD" relay, top "S* brush "TP) 

"HLD M lead, "L" cam (trunk) 
back contact "L" relay, "I" 
cam ground. 

The release of relay "T" advances sender selector switch 
from position 3 to position 4. Circuit:- Ground, back con- 

tact relay "T" , "E" cam, 

M A H cam, "R* 1 magnet, battery. 

Relay "H" remains up until selection of the called number 
is completed. 

Depression of Numerical Keys : 

The Sen. Sel. now causes the sender to advance from Pos. #1 
to Pos. #2 preparatory to incoming brush registration, as follows: 

Relay "S* (sender) operates. Circuit :- 
battery, winding "S n relay, "D" cam, •• C** 
cam, "B" lead, "T" brush (Sen. Sel.), "0" 
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cam, front contact "HD* relay, ground. 

Sender switch advances to Pos. #2. Circuit:- Ground, front 
contact "3" relay, M B n cam, "A" cam, "F* 
magnet, battery. 

NOTE:- Relay "S* locks up through front contact, "S" lead 

"5" brush (Sen.Sel.), "E" cam, ground . This ground 
short-circuits the 100 ohm winding of relay "S" which 
is connected to ground through cams "R H and Relay 

"S* is wound differentially so that when the Sen.Sel. 
is advanced beyond Pos. #8-l/4, the ehunt is removed at 
"E" cam (Sen.Sel.) and the relay will release. 


The Sen.Sel. "SH" relay now operates unless the cordless 
switch has been moved out of Pos. #2 by the depression of the dis- 
connect key or of another assignment key. Circuit:- Battery inner 

winding "SH* relay, "F* cam, *H" cam, 
front contact "HD* relay, "T* brush 
(TF) , M D* cam (trunk) ground. 

Relay "SH" advances Sen.Sel. switch from Pos. #4 to Pos. #5, 
and remains operated until the cordless switch has been advanced out 
of Pos. #2 by the depression of the numerical keys. Circuit:- Ground, 

front contact "SH" relay, "G* cam, "A" 
cam, "R* magnet, battery. 

As soon as the operator has depressed one key in each row 
of numerical keys, relays "KR" of the key control circuit operates. 

Circuit:- Battery, winding "KR" relay, 


*R* cam and contacts of depressed keys 
to ground. 

This relay winding is shunted by the common contact on each 
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key strip until a key in each strip has been depressed. 

Belay "KR H advances the cordless switch from Pos. 7 ?2 to Poe. #3. 

Circuit:- Ground, front contact "KR M relay, 

"T" cam, back contact " S* relay, W K" cam, 

"G" lead, "G" cam (front allotter), #9 
lead, "K M cam ( Ben. Sel.), front contact 
"HP" relay, "T" brush (TF) , "ADV" lead, "B* 
cam (trunk) , * A* cam, "R" magnet, battery. 

The white lamp goes out (circuit opened at "G" cam) and the 
green lamp begins to flicker. The holding ground for eelay "H" (Sen. 
Sel.) is now supplied by W L" cam trunk independently of the back con- 
tact of the "L n relay. 

At this stage of the operations the various sequence 
switches are in the following positions:- 

Cordless Selector Pos. 3 

Front allotter n 1 

Re ar w " 8 

#1 Sender Selector " 5 

#2 to 5 Sender Selectors n 17 
Sender * 2 

#1 Key Control " 1 

#2 " " 9 

The cordless switch in moving out of Pos. 2 allows relay "SH" 
of the Sen. Sel. to release (circuit opened at "D M cam) and advance the 
Sen. Sel. switch to Pos. #6. Circuit:- Ground, back contact "SH" 

relay, "C" cam, * A* cam, "R* magnet, 
battery. 


r 
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1 Key Control Circuit Associated With Sender: 



( Sen. Sel. ) 


Relay "S* (Key Control) operates in series with relay "KC" 

Circuit:- Battery winding "S" relay. 


"M" cam, "3* lead, winding "KC" re- 
lay, "N" cam ( Sen. Sel. ) , "MB* key, 
front contact "HD" relay, ground. 

Relay "SH" (Sen. Sel.) operates. Circuit:- Battery inner 

winding "3H" relay, "J" cam, front 
contact "KC" relay, ground. 

Sen. Sel. switch advances to Poc. #7. Circuit:- Ground, 

front contact "SH" relay, "G" cam, 

"A" cam, "R" magnet, Battery. 

Relays "S" and "KC" are now locked up in series through "K" 


'"cam, front contact "SH" relay, "N" cam, "MB" key, front contact "HD" 
relay, ground. 


The operation of relay "KC" (Sen. Sel.) closes through leads 


"A", "B" and "C" from the key control circuit to the sender circuit. 
These leads are to Be used in transferring a record of the called 
number from the keys to the register relays of the sender. Relay " S* 
(key control) advances the key control switch to Pos. #2 for thousands 
registration. Circuit:- Ground, front contact "KR" relay, "T" cam, 


front contact " S" relay, "C" cam. 


"A" cam, "R" magnet. Battery 



Assignment of Next gender Selector : 


As soon as the Sen. Sel. switch advanced as far as Pos. 6-3/4 


a circuit was closed to advance the front allotter to Pos. #2 Circuit :- 


ground, "i*" cam (#1 Sen. Sel.), "MB" 
key, "B" cam (front allotter) , "A" 
cam, "R" magnet, Battery. 
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The allotter is advanced to Pos. #2 by a local circuit 
through cam "C w and springs #13 of jack "K w to ground. In Pos. #3 
the allotter assigns #3 Sen.Sel. by advancing it from Pos. #17 to Pos.#l* 

Circuit:- Ground, back contact "PB" 
relay (front allotter), springs #15 
and #17 jack "K", H I" cam (rear allotter), 
"K" cam, #5 lead "JCB" key "C rt cam 
(#3 oen.Sel.), "A* cam, "R" magnet, 
battery. 


ci 

/ 


Registration : 

We will assume that the called number is 3737. In order to 
reach this number the following selections will have to be made: 

Incoming brush #1 

M group #3 

Final brush #2 
" tens -^3 

" Units #7 

The register relays of the sender, therefore, will have to 
be set to form paths to the corresponding counting relays. 

There are four sets of register relays which are connected in 
turn to leads "A*, *B W and M C". The marginal relays will not operate 
in series with the high resistance of the control circuit. Leads ”A H 
and "B" may be left open or closed through high or low resistance de- 
ending upon the keys depressed, lead H C", which is the control lead, 
is always closed at the control circuit through either high or low re- 
sistance for each of the four registrations. The closure of lead H C* 


causes the sender and key control switches to advance to the next regis 
tration position. 
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y * 


Incoming Brush egistrati or - Thousands Key: 

Thi9 registration takes dace with the sender and key cont- 
rol switches in Pos. #2. It is controlled entirely by the thousands 
keys depressed (#3 in this case) ; this key also sets the register relays 
so as to confine incoming group selection to groups #2 and #3, the choice 
between these groups being made by the hundreds key. 

Relay * A* (key control) and relay "IB-2* (register control) 
operate. Circuit:- Ground, back contact * kA* 

relay, 200 ohm winding " A" relay, 

"N" cam, contact #3 thousands key, 

"J* and *I W cams, "A" lead, front con- 
tact "KC rt relay (Sen.Sel.); "R" 
brush, W 5 H cam (sender), winding 

i 

"IB-2 M relay battery. Relay "IR-2" 
locks up through other winding front 
contact, "p" cam, cam to ground. 

NOTB : - #3 thousands key contact short-circuits 700-0hms 
winding of relay "A” 

The operation of relay "A* (key control) removes ground from 
one side of relay "A" winding allowing it to operate on battery from 
cam n O rt . Relay "A" is now locked up to ground on its own front con- 
tact (make before break.) 

Belay " 2 " (key control) and relay "IB-3" (register control) 
operate , Circuit:- "Battery, " y» cam (key control), 900 ohm winding 

"C" relay, "P" cam, contact "3 thousands 
key, "1" cam, »K" cam, "B" lead, front 
contact "KC" relay, "T" brush ( en.3el.) 

"C" and "B" cams (sender), windings 
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"IB-1" and "IB-3" relays in series to 
ground. Relay "IB-1" will not operate 
on this circuit due to the 900 ohms re- 
sistance. Relay "IB-3" locks up over 
snme circuit as "IB-2" relay. 

Relay "A" (sender) and relay "IGT" (register control) 

Circuit:- Ground, winding "A" relay, and "G" cam (sender). 
Winding "IGT" relay (register control), 

"C" lead, "K" cam (sender selector), 
front contact "SB" relay, "F" cam, "C" 
lead, "G" can; (key control), front con- 
tact "C" relay, front contact "A" relay, 

200 ohm resistance, Battery. Relay "IGT" 



locks up. 

Pelay "A" advances sender switch to Pos. 3 for final Brush 
registration. Circuit Battery "R" magnet (sender) front contact 

"A" relay, "U" cam, Back contact "BT" re- 
lay, "K" cam, ground. 

The sender switch in moving out of Pos. 2 opens the holding 
circuit of Relay "A" (key control) at cam "E" , allowing relay "A" to 
release and advance the key control switch to Pos. 3 for final Brush 
registration. Circuit:- Ground, Back contact "A" 

relay, front contact "AA M relay, "B" and 
"A" cams, "R" magnet. Battery. 

Relay "C" (key control) and relay "A" (sender) release when 
sender advances out of Pos. 2 and relay " AA" (key control) releases 
when key control switch moves out of Pos. 2. 
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Final Brush Registration - RundredB Key : 

Final brush registration is controlled by the hundreds key 
depressed (#7 in this case). This key also takes care of setting 
the register relays so that #3 incoming group will be selected. 

Relay W B" (key control) and relay "FB-2" (register control) 
operate. Circuit:- Ground, back contact "VB" relay, 200-ohm winding 

"B" relay, "5* cam, contact fll hundreds 
key, "L" cara, "K" cam, "B" lead, front 
contact 4, KC* relay, *T n brush (Sen.Sel.), 

"B" lead, "C" cam (sender), "B* cam, wind- 
ing "FB-2* relay, battery. Relay 
locks up through other winding. 

The operation of relay "B" (key control) removes ground from 
* one side of relay "BB* winding, allowing it to operate on battery from 
cam "0*. Relay "B" is now locked up to ground on its own front contact 
(make before break). *A* lead is open. 

Relay "C-l w (key control) operates. 

Circuit:- Battery, "F* cam, 900 ohm 
winding *C-1 H relay, cara, contact 

#7 hundreds key, "B" cam, ground. 

Relay "BT* (sender) and relay *IOR* (register control) oper- 
ate. Circuit:- Battery, winding "BT" relay, W H* cam, winding "IGH * 

relay. "C" lead, "I,* brush (Sen. Sal.), 

*K H com, front contact n SH* relay. * F** 






cam, *C* lead, •• G w cam (key control) 
front contact "C-l" relay, front con- 
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tact "B* relay, 200 ohm resistance, 
"D" c»m, ground. Relay "IGH" locks 
up through other winding. 


Relay "BT* advances the sender switch from Pos. 3 to Pos. 4 


Circuit:- Ground, "K* cam (sender), 
front contact "BT" relay, "R" cam, 
hack contact "A" relay, *R" raagiet 
battery. 


Relay W BT" then releases, circuit opened at "H" cam. 

Relay "B" (key control) releases when the "B" lead is opened 
at cam "D" of the sender, and advances the key control wwitch from Pos. 


Circuit:- Ground, hack contact 
relay, front contact "BB" relay, "B" 
cam, * A H cam, "R" magnet, battery. 


3 to Pos. 4 


Relays "HB" and "C-l" |key control) release as soon as the 
key control switch is advanced out of Pos. 3. 

The key control and sender switches are now in Pos. 4 ready 
for tens registration. 

Final Tens and Units Registration - Tens and Units Keys: 

These registrations will not he described in detail as they 
are made in a similar manner to those already described. 

No. 3 tens key causes the following register control relays 

to operate 

r Relay *YT-2* over lead "A" 

Relays *FT-1 M and rt FT-3" over lead H B n . 


The circuit of lead "C H is closed through relay "A* (sender) 




and relay "FT-4 rt (register control) but relay "FT-4 H , being marginal 
doe s not operate through 900 ohms in the key control circuit. 


Bulletin No. 17 


•21 


Piv. B. 

Sec. IV. Circuits 


12/1/20 

Douglas & Tyler, Omaha 


After tens registration the sender and key control switches 


are advanced to Fos. 5 for Units registration. 

” ho. 7 unit key causes the following register control relays 

to onerate:- 


Relay "FU-2" over lead "B" 

Relay "VU*4" over lead "C" in series 
with "BT" (sender). 


After these relays have operated the sender is advanced to Pos. 6 for 
incoming brush selection, and the key control to Pos. 6 for key re* 
lease . 

Release of leys • Assignment of #2 Key Control Circuit 

With the key control 3witch in Pos. 6 the "KR-1 H relay is 
operated by battery from the "P" cam, and becomes locked up to battery 
through its front contact. Battery from cam H P W is at the same time 
supplied to the key release magnets. When all keys have released, 
relay "KR" releases and advances the key control switch to Pos. 8. 


Circuit:- Ground, back contact "HR" re- 
lay, "C" cam, "A M cam, H R M magnet, battery, 


When #1 key control switch has advanced to Pos. 6-5/4, #2 
key control switch is advanced out of Pos. 18 to Pos. 1. Circuit 


Ground, n D* cam (#1 key control switch) 
"D" lead, "AS" lead, "R" lead, "B" cam 
(if 2 key control switch) , "A" earn, "R" 
magnet, battery. 



Relay "KR-1 * release as soon os the if 1 key control switch 

reaches Pos. 8 provided there is at least one sender selector in Foe. 

V 

17/5 in which case the active winding is shunted by gronnd. Circuit:- 
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Ground, "I* cam (Sen.'lel.), "H* cam, 

* 2 lead (allotter), •’KB* 1 lead, "Q" cam 
(key control) , winding "KR-1" relay. 

A s soon as #2 key control switch has reached Pos. 1, £l key 
control switch is advanced to P 03 . 9 to owait assignment by #2 circuit 
after it has handled a call* Circuit:- Ground, "D" cam (#2 KC switch), 

"D" lead, *AW* lead, "B" earn (#1 KC 
switch), "A" cam, "R" magnet, battery. 

When #1 KC switch advanced out of Pos. 6, relay "KC* (Sen.Sel.) 
released, its circuit being opened at cam (KC circuit). This open- 

ed the circuit of relay "SH" (Sen.Rel.) allowing it to release and ad- 
vance the Sen.Sel. switch to Pos. 8. Circuit:- Ground , back contact 

"SH" relay, "C* cam, * A** cam, "R" 
magnet, battery. 




Incoming Inrush Selection : 

The switches are now in the following positions ready for 
incoming brush selection:- 

Cordlese trunk Pos. 3 

sender Selector " 8 

Sender " 6 

The fundamental circuit is established in the regular way, 
relay "L" of the trunk operating in series with the stepping relay of 
the sender. Relay "L* advances the cordless switch to Pos. 5 and be- 
comes locked up in series with the stepping relay. In Pos. 5 the 
up-drive is operated and pulses are sent by the * A" commutator. 


<« 


As #1 brush is to be aeJected, register relays '’IB-2* and 
IB-3" were operated. {See "Incoming Brush Registration") . The cir 
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cuit for operating the counting relays is as follows: 

Ground, "Q* cam (sender), "P" cam, con- 
tacts of "ST" relay, "M" cam, "L" cam, 
front contacts of register relays *13-3" 
and "IB-2", back contact of relay "IB-1" 
to #1 counting relay. 

After the brush has been selected, the cordless switch ad- 
vances to Po8. 6 and the sender to Pos. 8. 

Incoming Group Selection : 

The fundamental circuit is re-established and the trip 
magnet operated so as to trip the brusn as soon as the elevator starts 
upward. The relay advances the cordless switch to Pos. 7 and is 
locked up in series with the stepping relay. The up-drive is ener- 
gized and pulses are sent by the "B* commutator. 

As #3 group is to be selected, register relays "IGT* and 
"I3H" were operated during incoming brush and final brush registration 
in order to connect .?3 counting relay to the stepping relay contact. 

NOT#:- The "IGT" relay is operated when an odd 

thousands key is depressed and the "IGH" 
relay when a hundreds key above #4 is de- 
pressed . 

Group selection brings the tripped multiple brush into con- 
tact with the first trunk in the gro up, after which the cordless switch 
advances to Pos. 8 and the sender to Pos, 10, 

Trur^ Hunting: 

In Pos. 8 of the cordless switch, relay "L" operates over a 
local circuit, advancing the switch to Pos. 9. If the first trunk is 
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***dle, the "L" relay releases as soon as the switch has advances beyond 
Pob. 8-1/4, and closes a circuit to make the trunk test "busy" to other 
electors. 


If the trunk is busy, relay "L" does not release in Pos. 9 
but remains up to operate the up-drive until an idle trunk is found 
when it releases and makes the trunk busy as above. 

In either case, the cordless switch is advanced to Pos. 11 
by the release of the line relay. After the switch has advanced beyond 
Pos. 10, the trunk is made busy by ground from the "I" cam. 

Sender Selector "SH" Relay: 

This relay operates and remains onerated until the final 
switch has been advanced beyond Pos. 8-1/2 (circuit : - 

Battery, winding "SH" relay, "F" cam, 0 cam, 
"R" brush (TF), "FA" lead, "E" cam (trunk), 
"R" multiple brush, "F" cam (final), 40 ohms 
resistance "J" cam, "I" cam, ground. 


Final Brush Selection : 

The cordless switch in Pos. 11 in addition to closing through 
the ring side to operate sender selector "SH" relay as above, closes 
the fundamental circuit for final brush selection. Final relay "L" 
and the sender "ST" relay operate and lock up in series. 

Final relay "L" operates the "TK" relay. Circuit:- Ground, 

0 cam, front contact relay "L" , "i£" cam, 

"D" cam, winding "TK" relay, battery. 

Relay "TK" locks up over the sleeve circuit to ground on "I" 
cam (trunk) and advances the final switch to Pos. 2. Circuit:- Ground 

front contact "TK" relay, "C" cam, "A" cam, 
"R" magnet, battery. 
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In Pos . 2, the up-drive operates. Circuit:- Ground, front 

contact "L" relay, "HS" up-drive magnet, 
battery. 

Pulses for brush selection are sent by the "A" commutator. 
Register relay "FB-2" was operated during registration in order to 
connect #2 counting relay to the H sT" relay contact and thereby cause 
#2 brush to be selected. 

After the brush has been selected the final switch is ad- 
vanced to Pos;; 3 and the sender to Pos. 12. 

Final Tens Selection : 

The fundamental circuit is now re-established for tens se- 
lection, the "L" relay advancing the switch to Pos. 4 and closing the 
"HS" up-drive circuit. As aoon as the elevator starts upward the 
orush is tripped in the regular way. The pulses are sent by the "B" 
commutator. 

Register relays "FT-1", "FT-2" and "FT-3" were operated so 
as to connect #3 counting relay to the " ST" relay contacts and thereby 
cause #3 tens to be selected. 

After tens selection the f ini-1 switch is advanced to Pos. 5 
and the sender to Pos. 14. 

Final Units Selection: 


/ 


The fundamental circuit recloses for units selection, the "L" 
relay advancing the switch to Pos. 16 and operating the "L3" up-drive 
lagnet. The pulses are sent by the "U" commutator. 

During registration, relays H FU-2" and "FU-4" were operated. 
Relay "FU-2" connects #2 relay to the "ST" relay contacts. 

Relay "FU-4 H causes sender relay "BT" to operate in Foe. 13/14. 

Circuit:- Battery, winding “BT" relay, 
H J H cam, front contact *^-4 M relay, 
ground. 
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The function of relays "FU-4" and n BT" is to cause five 
additional pairs of counting relays (V*9,8,7,6 & 5) to he counted up 
after the operation of #1 pair and before the operation of #0 pair. 
This arrangement requires eight pulses to satisfy the sender, f-*l units 
being relented as a result. 

The selection of the called nurber has now been completed, 
the final switch advanced to Pos. 7 and the sender switch to Pos. 18. 
The final switch immediately Advances to Pos. 9 through " A" cam. 
Disconnection of Sender and Sender Selector. 

In position 15/18 of the sender a circuit is closed to ad- 
vance the sender selector to position 9. Circuit:- Ground, "Q* 

cam, "R" cam (sender), "A* 
lead W R" brush (sender se- 
lector), *C* cam, * A" cam, 

"R" magnet, battery. 

Sender *S* relay being differentially wound, is released 
at this time by the removal of ground at cam "3" sender selector. 

Relay "S" advances sender to position 1. Circuit ground back 

contact, "3" relay, •E" cam, 

"A* cam, *R" magnet battery. 

The sender is now ready for use on another call. 

When the final switch advances beyond position 8-1/2, 
relay "SB* sender selector falls of advancing the sender selector 
switch to Position 10. Circuit:- Ground, back 

contact of "SH" relay, "C* 
cam, " A" cam, "R" magnet 
battery. 
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The sender selector switch in position 10; the cordless 

switch advances to nosition 12. Circuit;- Ground, "ty* cam, 

front contact of "HD" relay, 

M ADV lead, "B" cam, "R" 
magnet battery. 

iflhen the cordless switch is in position 12 the circuit of 
«H" relay is open at "L" cam (cordless) releasing relays "H" and "HD", 

Relay "HD" in releasing advances the sender selector, 
switch to position 11. Circuit:- Ground, at con- 

tact of "HD" relay, "C" cam, 

"A" cam, "R" magnet battery. 

In position 11 down drive of sender selector operates through 
«H" cam and "I" cam to ground returning the earder selector to normal. 

In position 11 and 12 down drive of the trunk finder operates 
through "S" can and hack contact of »SH" relay to ground returning the 
trunk finder to normal. 

l’he sender selector switch is advanced from position 11 hy 
the sender selector Y- segment and from position 12 hy the "SB" relay 
when it is operated hy the trunk finder "Y» segment. The "A" cam 
then advances the sender selector switch to position 17 in which it 
awaits assignment for another call. 


NOTE : 

The operation of relay »SH" hy the trunk finder of "Y" seg- 
ment also serves to open the trunk finder down drive magnet circuit 
Tn call the trunk finder should arrive at normal ahead of the sen- 
der selector. 

Pi nal Tests Tine - Calle<U ..ine_Idle. 

ffien the final switch reached position 8-3/4 relay "L" 
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Circuit:- Ground , front 
contact of *TX" relay, "M" 
cam, 900 ohm winding "L" 
relay, "K* cam battery. 


Relay *L H advanced the final switch out of position 9. 


Circuit:- Ground, *0* cam, 
front contact of "L" relay, 
com, n A* cam, W F* magnet 



battery 

Final switch advanced to Pos. 12 by "A* car and to Pos. 13 
by ground through 0 cam, back contact "L" relay, "E H cam, "A* com, 
magnet battery. 

Pinal switch advances to position 14. Circuit:- Ground, 
front contact, "TK H relay, 

H C* cam, * A* cam, "R" magnet battery. 

Pinal switch advances to position 15. Circuit:- Ground, 
■0" cam, back contact "L* 
relay, *B M c*m, n A* cam, *R" 
magnet battery. 

In position 15 the busy condition is placed on the sleeve 
of the ciilled line. Circuit:- Battery, •K" cam, 

220 ohm resistance, W L*’ cam, 
sleeve of line, winding of 
H C0" relay ground. 

Tip and ring circuits are now closed through from the 
called line to the cordless trunk to final cams rt G* and 
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Trunk Closure : 

Vhen the cordless switch was advanced to Bos. 12 the green 
lamp stopped flickering and lighted steadily as a ^jusy" signal and 
also to indicate that selection had been completed, When the "A" 
operator plugged in on the trunk, relay "A-l n operated so that with 
the cordless switch in Pos. 12, relay •L" operates. Circuit:- 

Ground, front contact M A-1" 
relay, "J" cym, *K* cam, 
winding "L* relay, battery. 

Relay ■L" adYances the switch to Pos. 13. Circuits 

Ground , M G" cam, front contact 
•L* relay, *C" cam, * A* cam, 

"R" magnet, battery. 

i 

In position 13 Relay A-2 operates Circuit 

Ground, Interrupter, "H" cam, 
winding A-2 Relay battery. 

Operation of Relay A-2 advances wwiteh to pos. 14. 

Circuit:- Ground, Front 


contact of A-2 relay *R" 


magnet, battery. 

Relay A-2 operates again in o os. 14 advancing switch to 15 

which is the talking position. 


Ringing : 



We assumed that line *2*737 was being called. If this line 
is in a single or two party office, ringing will take place with the 
cordless switch in Pos. 14. As early as Pos. 15, relay operates. 
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Circuit:- Ground, front contact "A-l" re- 
lay, W J" cam, winding "R-2" relay, hack 
contact "R-3" relay, back contact H R-1" 
relay, battery. 

Relay "R-2" connects ringing current (one ring code) through 
the final circuit to the called line. 

While ringing is taking place the calling subscriber is 
given ringing induction. Circuit:- Ringing current, cam "Q* 

winding "R-l n relay, condenser, front 
contact "R-2 H relay winding of repeat coil t 
ground. 

Called Subscriber Answers : 

TThen the called subscriber removes his receiver from the 
hook relay "R-l** operates and allows "R-S" to operate in series 
with relay "R-2". Relay H R-3 ff short-circuits relay "R^", causing 
it to release and in so doing to open the ringing circuit and close the 
talking circuit. Relay w R-3* locks up to front contact of the "A" 
relay. 

Relay "CS-1" and "CS-2 H then operate and short-circuit the 
12000 ohm winding of the "A-l" relay, which causes the manual "A* 
operator’s supervisory signal to go out. 

Disconnection: 

When the called subscriber hangs up relays "CS" and "T" 
release, opening the short-circuit around the 12000 ohm winding of 
the "A-l" relay and causing the manual "A H operator’s supervisory sig- 
nal to light. The "A” operator removes her plug from the trunk jack, 
releasing relay "A", which in turn releases relay "L*. 


Bulletin No. 17 


-31- 


Div. B. 

Sec. IV. Circuits 

12/1/20 

Douglas & Tyler, Omaha 
The white and green lamps then flash in unison, indicating 
to the "B H operator that the "A" operator has disconnected from the 
trunk. The "B* 1 operator depresses the disconnect key which remains 
locked until the assignment key is again operated. The disconnect key 
advances the cordless switch to Pos. 18, in which the down-drive opera- 
tes and returns the elevator to normal, the H Y" segment advancing the 
switch to Pos. 1* 

As soon as the cordless switch advances Beyond Pos. 15-1/4 
final "TK" relay released. Circuit opened at "I" cam. Relay "’IK" 
in releasing closes a circuit to operate relay "L* which advances the 
final switch to Pos. 16. Relay releases as soon as the switch 

moves Beyond Pos. 15-1/2 and By means of its BLack contacts advances 
the switch to Poe. 17 from which it is advanced to Pos. 18 By a closed 
circuit through Back contact of the "TK W relay. 

In Pos. 18 the down-drive operates and returns the elevator 
to normal, the *Y" segment advancing the switch to Pos. 1. 

Overflow. Cordless Selector ; 

When a cordless selector finds all trunks Busy, the elevator 
advances to the overflow terminals, the ring and sleeve circuits Being 
opened at the commutator when multiple Brushes are resting on over- 
flow terminals. The switch is advanced to Pos. 10 By the release of 
the m L* relay, and to Pos. 11 By the "A" cam. The *Z" commutator which 
is made only at the overflow positions of the elevator advances the 
switch to Pos. 12. 

Relay "A-l", having Been operated when the * A" operator plugged 
in on the trunk, causes relay "L * to operate and advance the switch 
to Pos. 13. The switch is then advanced By the *Z • commutator to Pos. 
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17 in which the white lamp flickers, indicating to the *B" operator 
that all paths to the called number are busy. The Traffic operating 
rules require that the "B w operator disconnect and attempt to complete 
the call over the same trunk by depressing the assignment key again 
and setting up the called number on the recording keys. 

NOTB: When the cordless switch advanced beyond Poe. 11 
the sender selector and sender were released 
and allowed to return to normal as a result 
of the opening of the holding circuit for the 
"H H relay (Sen.Sel.) at "IS cam (trunk). 

Called Line Busy : 

In the foregoing description, it was assumed that the called 
line was a direct line and idle when tested by the final selector. 

An idle line, which may be a direct line or one of a P.B.X. group has 
no battery connected to its sleeve terminal. The circuit operations 
would have been the same therefore in the case of an idle first line of 
a P.B.*. group. 

A line which is busy may be busy on account of having origin- 
ated a call or having been selected by a final. When originating a 
cal3 , a direct line or the last line of a P.B.X. group will have the 
cut-off relay circuit opened from the sleeve and will have battery 
through 600 ohms connected to the sleeve by means of the "PS" brush 
of the line switch. A P.B.X. line other than the last line of a group 
when originating a call will have the cut-off relay circuit opened and 
will have battery through 2200 ohms connected to the sleeve by means 
of the “PS 1 * brush of the line switch. 

Any line selected by a final will be made busy by having 
battery through 220 ohms connected to the sleeve terminal, operating 
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the cut-off relay. A direct line or the last line of a P.B.X. group 
has a 676 ohm cut-off relay, while a P.B.X. line other than the last 
line of a group has a 100 ohm cut-off relay. 


See T5S-207698. 

Testing Busy Direct Lines . 

After the final switch has been advanced beyond position 
10 relay "L M is held operated and the P.B.X. relay is operated 
in series with the •L" relay by battery from the sleeve terminal. 

Circuit:- Ground, winding 
P.B.X. relay, "G" cam, •H" 
cam, 900 ohm winding of the 
"L* relay "M" cam, front 
contact rt L" relay, "L" cam, 
sleeve of called line (see 
preceding paragraph) . 

In positi n 12 "TK" relay releases - the circuit being 
onened at the back contact of P.B.X. relay - relay "TK H being 
down, the switch advances to position 13. Circuit:- ground, 

back contact "TK" relay, 

"C" cam, M A n cam, "R* magnet 


battery. 

In position 13 "TK M relay operates. Circuit:- Ground, 

H I W cam, "J" cam, winding 
"TK" relay battery. 

P.B.X. relay releases - circuit being open com "M" which 


furnished a locking circuit for "TK" relay 
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"L" relay does not release “being held up “by circuit throu^i 
the 400 ohm winding. Circuit:- Ground, "0" cam 

front contact of "L" relay, 

"P" cam, 400 ohm winding, 

"L" relay "battery. 

When relay "TK" operated final switch was advanced to posi- 
tion 14. In position 14 down drive operates returning the elevator 
to normal. The switches advance to position 17 through the "Y H 
segment. 


Position 17 busy back flash is given to the manual operator. 
Testing Busy First Line of P.B.X. : 

When the final selector has been driven to the first line of 
a P.13 • X. group and the sequence switch has been advanced in the regular 
way out of Pos. 9 on its way to Pos. 12 final "L" relay will be held 
operated by battery from the sleeve tf the line. In this case the P.B.X. 
relay will not receive sufficient current to operate it. 

In Pos. 12, the up-drive operates and causes the selector to 
hunt for an idle line in the group. Circuit:- Battery, "LS" up-drive 

magnet, "E" cam, front contact "L" re- 
lay cam, ground. 

Relay "L H is held operated until an idle line is found or un- 
til all lines in the group have been tested and found busy. While the 
sleeve brush is in contact with busy terminals relay *L W will be held 
up by battery from the sleeve terminal, while the sleeve brush is pass- 
ing from one terminal to the next, relay *L W is held operated by the 
"C* commutator. Circuit:- Battery, outer winding relay W P* 

cam, outer winding "K* relay, n C" 
commutator segment and brush ground. 
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As soon as an idle line has been found, the absence of 
battery on the sleeve terminal and the opening of the^circuit of 
relay U" at the "C H commutator allotre this relay to release. 

Relay *L W ooens the up-drive circuit by means of its back 
contact olaees a busy condition on the sleeve of the line. The switch 
is then advanced to the talking position in the regular way. 

If all trurdcs in the group are busy f relay P.B.X. will operate 
when the sleeve brush makes contact with sleeve of the last line. The 
P.B.X. relay onens the circuit of the "TK" relay inner winding. Relay 
*K* in releasing, opens the up-drive circuit and advances the switch 
to Po8. 13. The switch is advanced to Pos . 17 and the elevator 
returned to normal as in the case of a busy direct line. A busy 
flash is then given to the "A" oner at or. 

Busy Flash C i rcuit : 

With the final switch in Pos. 17, the "L" relay operates and 
releases in response to the interrupter of the busy tone circuit. 

Circuit:- Battery, winding H L tt relay, B P* cam, 
interrupter, ground. 

At each operation of the *L H relay the busy tone is connected 
to the ring side of the circuit. The first closure of the ring 
side circuit trios the ringing current relay "R-l* of the cordless 
trunk, causing relay "P-3" to operate and *R-2" to release. 

Busy Tone Circuit:- "B" lead, *0" cam, front 
contact "L* relay, n E" cera, *F H cam, ring side 
multiple brush (cordless) H 2 W cam, back con- 
tact "P-2 relay, winding "CS-1" relay, 
repeat coil, battery. 
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The Battery circuit causes the "CS-l* relay (cordless) to 
operate and short-circuit the 12000 ohm winding of relay *A-1*, allowing 
the *A* operator’s supervisory relay to operate and shunt the signal. 
T ell-Tale - Cordless Selector : 

The cordless selector may he driven to the top of the hank 
when the sequence switch is in Pos. 5,7, or 9 due to a trouble 
condition. Should this occur, the sequence switch will he advanced 
to Pos. 11 hy the tell-tale commutator segment "X" and the green lamp 
will continue to flicker. After 10 seconds, the operator is expected 
to disconnect the trunk then attempt to complete the connection 
to the called number if she remembers it, or to connect the trunk 
with the supervisor’s line. 

The depression of the disconnect key advances the srirttch 
from Pos. 11 to Pos. 18. The disconnection of the sender selector 
sender and cordless selector follow in the regular way, 

Tell-Tale - Trunk Finder . 

The trunk finder may be driven to the top of the multiple 
bank on account of trouble condition which does not allow the *E* 
relay to operate. In this case a ground at the "X* segment of the 
trunk finder commutator operates the "H" relay opening the circuit 
of relay *T* . This opens the trunk finder up drive and advances 
the switch to position 4. 

In position 4, relay "H" falls off opening the circuit of 
relay "HD* , advancing the switch to position 11, 

As early as Pos. 5 of the sequence switch a circuit is closed 
at cam "A* to advance the allotter which, in turn, assigns the next 
Sen.Sel. circuit. As the cordless trunk switch was not advanced out 
of Pos. 2, the new trunk finder will start to hunt for the assigned 
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trunk; if it finds the trunk, the connection will he completed* 

Should the second finder fail to pick up the trunk, the next 
finder will he started, etc,, until the operator depresses the discon- 
nect key of the trunk. Trouble of this kind is indicated to the 
operator by a steady white lamp and no green lamp after sne has de- 
pressed the trunk assignment key and the numerical keys. 

The operator receives the sajie signal tn case the Sen. Sel. 
fails to find an idle sender. (See Tell-Tale, 3ender Selector). 
Tell-Tale Sender Selector . 

When the sender selector has oeen driven to the top of a 
bank due to all senders being busy or to a trouble condition the 
*3H n relay will release because the sleeve circuit is opened at 
the tell-tale position. Relay "SR* in releasing advances the 
switch to position 3 which opens the up drive of the sender selector. 
Relay *HD n released on account of being short circuited by the 
ground upon the tei3-tale segment of the sender selector com- 

mutator. 



After the trunk finder has picked up the assigned trunk 
the switch will be advanced to position 4 by the operation of relay 
and the release of relay n T* . 

The switch is then advanced to position 11 by the ground at 
the back contact of the “HD W relay. Sender selector and trunk 
finder elevators returned to normal in the usual manner. 

When all senders are busy, one sender selector after another 
is started until one of them finds an idle sender. During this 
time the white lamp is lighted steadily indicating to the operator 
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that no senders are available . The assignment of the sender selectors 
in turn was taken care of in the regular way by the allotters. 

Tell-Tale, Final : 

The final selector, due to a trouble condition, may be driven 
to the top of the bank in Pos. 2, 4, 6 or 12. 

If this occurs in Pos. 2, 4 or 6, the sequence switch will 
be advanced by the "X H segment of the commutator to Pos. 13 and then to 
the talking position in the regular way. In nearly all cases the 
sender will still be attached to the trunk and the green lamp will 
continue to flash, indicating to the cordless operator that the call 
has failed to go through. It is possible, however, that under certain 
conditions the sender may be run off, in which case the distant "A" 
operator will receive a steady supervisory signal the same as on a 
"don*t answer". 

Should the final be driven to tell-tale in Pos. 12, the 
sequence switch will be advanced from Pos. 12 by the "X" commutator 
segment and then to the talking position in the regular way. The n A n 
operator will receive a steady supervisory signal as above. 
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DIVISION B 

FULL MECHANICAL OFFICES 


Section V-Methods of Taking Equipment Out of Service 


This section covers the methods used for taking equipment 
of all sorts out of service either because it has been found to be in 
trouble, or in order to routine it by hand methods or for the purpose 
of inspection or check. The methods of restoring to service are also 
given. Before restoring any equipment to service, always be sure that 
the sequence switch and selector rod are at normal and that the fuses 
are in . 


Whenever any equipment is taken out of service on account of 
trouble and is to be left out of service for any length of time the 
desk switchman should be notified. He makes out a yellow "Out of Ser- 
vice Ticket" for these cases. 

The following equipment is covered: 

1. Subscriber’s line switch 

2. District selector, individually and by half frames 

3. Office selector 

4. Full mechanical incoming, two wire 

5. Full mechanical incoming, three wire 

6. Cordless "S' 1 incoming 

7. Final selector 

8. Subscriber’s sender 

9. M A M operator’ 8 sender 

10. Cordless "B H sender 

11. Cordless M B” link circuit 

12. Cordless "B” link allotter 

13. Cordless H B" key set 

14. Cordless ”B M key control 

15. Interrupters 

16. Taking trunks and subscribers’ lines out of service 

due to troubles in multiple banks. 

17. Taking frames out of service while changing multiple 

banks 

18. Shutting down frames to change friction roll drive 
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1. Subscriber^ Line Switch: 

To take out of service. 

(a) If the line switch is at normal block the armature of the 
relay to prevent its operating. 

(b) If the line switch is off normal, wait until disconnection 
takes place, then block the "L w relay as described under (a). 

Should the line switch fail to return to normal after the 
calling party hangs up, move it by hand to its normal position and 
release the M L" relay armature. 

To restore to service release the "L" relay armature. 

NOTE: Where it is necessary to keep the switch out of service 

for some time, the repair clerk should be notified and the line should 
be temporarily transferred to another line switch. 

2. District Selector. Individually and by Half Frames: 

To take individual selectors out of service. 

(a) If the district is at normal place a district make busy plug 
in the district selector test make busy jack. (The district make busy 
plug has tip ring and sleeve open differing from other make busy plugs 
which have ring and sleeve crossed.) 

(b) If the district is in a talking position place a district 
make busy plug in the test make busy jack. The selector will be re- 
stored to normal when the calling subscriber hangs up. Should the 
trouble be of such a nature, however, as to prevent release, wait un- 
til conversation is finished and then restore the district sequence 
switch to position 18 by hand, when the selector should return to 


normal . 
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(c) if the district has chosen a trunk, but hnc not advanced to 
the talking position, place a die trie t make busy plug in the test amice 
busy jack, trace the connection end determine whether office and in** 
coming selectors are involved • if an office selector ie found to be 
involved and has not chosen n trunk to nn incoming selector. Move its 
sequence twitch into position 11 by hand# If the office selector re* 
stores to normal from this position after a moment it will indicate 
that the district has uieo been restored# if the office falls, how-* 
ever, to restore from position il return to the district nnrt -sove the 
district sequence switch into position IQ by hand# if the office se- 
lector has chosen a trunk to an incoming, truce the connection and if 
the incominr sequence ewith ir found to be in seme position preceding 
position y. turn the sequence switch into position 9 by hrnd# The ii># 
coming should restore after » moment# if it does not restore or if it 
restores and immediately takes up another stuck setting, turn the sse- 
querce switch to ft talking position nrd return to the die trio t ted 
move the district sequence ©witch into position 18# 

^d) If the district ie off normal hut has fai ed to pick a trunk 
piece a district make busy plug in the test make busy jack, and move 
the district sequence switch to position 18 by bund# 

To restore to service remove district ^ >a *^ P lu * # 

take District ^electors out of Service by H©if 1 raw*** operate "frame 

busy " key at the trouble desk# To restore to service, restore "frame 
busy" key ct trouble desk. 
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3. Office Selector: 

To take out of service: 

(a) If the office selector is at normal, place a make busy plug 
in the make busy ,)&ek. 

(b) If the office selector is in the talking position place a 
make busy plug in the iaake busy Jack and trace the connection to the 
Incoming selector. If an incoming is found to be Involved and its 
sequence switch is not in a talking position, release the connection 
as described in paragraph (c) under district Selector. 

(c) If the offioe selector iseff norual but has failed to pick 

a trunk, move its ©equenoe switch to position 11 by hand. The selector 
should restore indicating that the district has also restored. If the 
selector fails to restore from position 11 or if it restores and im- 
mediately takes up another stuck setting, move the sequence switch to 
position 11 by hand again. If the selector does not ret tore to noraal 
on the second trial from position 11, return to the district and move 
the district sequence switch to position 18 by hand. 

To restore to service remove make busy plug. 

4. Full Aechamoai Incoming - Two Sirs; 

To take out of service; 

(a) If the selector is at normal or in a talking position, place 
a make busy plug in the moke buoy Jack at the trouble desk. 

(b) if the selector ie not in a talking position, place a make 
busy plug in the make busy j>tck at the trouble desk and release as 
described in paragraph "o" under fciatriot Selectors. 
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To restore to aorvle* remove the /anke bn ay pliwr at the trouble 


desk. 

5e Jull Mechanical lnco:afng * Three firs: 

To take out of service. 

With the selector in any position place a make buoy plug in 
the uake busy Jack. Should the selector be In a selecting position, 
release as described in paragraph "o" under restrict Selectors. 

To restore to service reaove make busy plug. 

6. Cordless "B* incoming: 

To take out of service. (Applies to all cordless *3" in- 
coming selectors.) 

i>lace a thimble or shield over the assignment key of the se- 
leetor at the "B* operator’s position and operate the disconnect key. 

If the selector cannot be restored to normal by the operation of the 
disconnect key go to the incoming frame and move the sequence switch 
to position IB by hand whioh should restore the selector* 

To restore to service remove thimble or shield from the 
assignment key. 

It, nn*l -Elector.: 

To take out of service: 

Selector in any position. 

i*l &or a make busy plug in the make busy jack of the selector. 

If the selector is in a selecting position, move its sequence switch to 
a talking position, if the selector restores to noruial after a moment’s 
delay it will indicate that the other selectors in train have also been 
restored to normal, if release does not take place, trace th« connection 
back to the district and release by moving the district sequence switch 
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to poeition 18 by hand. 

To restore to service remove the make busy plug. 

8. Subscriber’s Sender: 

To take out of service. 

Place a make busy plug in the sender make busy J*ek at the 
trouble desk. If the sender is ’•stuck'* trace the connection and re- 
lease ao described under "stuck senders" "can’t disconnect." (Sec. VII ) 
To restore to service, remove the make busy plug. 

9. "A" Operators Sender: 

The subscribers 1 senders are used by the "A* operators. See 


above. 

1C. Cordless «B" lender: 

To take out of service. 

Place a make busy plug in the make busy Jack at the trouble 
desk. If the sender is "stuok" trace the connection after making the 
sender busy and release by restoring the sender selector to the waiting 
assignment position by hand. 

To restore to service remove the make busy plug. 

11. Cordless "B* Link Circuit: 

To take out of service. 

(a) Sender selector in Position 1. 

Operate make busy key at the sender selector frame. Hot# 
that the allotter moves to assign the next idle sender selector. 

(b) Lender selector in Position 17. 

Operate c^dee busy key. 

(c) Sender selector in a selecting position. 

tfait until the sender selector sequence switch reaches position 
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17 and operate the -sake busy key. 

( d ) Sender selector * stuck" in a selecting position. 

Operate th» inks busy key and note that allotter raoves or 
h&i moved to anl an the n#*t Idle render selector. 

To restore to service re atom mtsJc# buey key. 

12, Qorrtlgas " b« JJnk nUottejrL 

To take out of service. 

(a ) Allotter So, 1, 

(1> Operate the make buey keys of all idle sen d#r selec- 
tors controlled ty allotter So. 1. A» the busy 
candor selectors controlled by allotter So. 1 oecc.se 
idle operate their a ike busy keys also. 

(2) tfben the sake busy keys of all sender selectors con- 
trolled by allotter Ho. 1 have been operated* remove 
connect in# plusr *L" froa regular position* turn It 
over and insert it in the trouble position. 

(3) flentore sender selector ifiaks busy keys. 

To rioter** allotter Ho. 1 to service. 

(1' tfnit until all sender selectors controlled by allotter 
Ho. 1 are idle and tneu restore their respective make 
busy keys. 

(2) Kamove connecting plug *L m Treat the trouble position* 
turn it Q7»r and insert it in the regular position. 

(3^ Heetore sender selector uicke busy keys. 

(b) Allotter Ho. 2. 

To remove fro.*a service. 

(1) Operate the make busy keys of all idle sender selectors 
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controlled by allotter No. 2. As the busy sender 
selectors controlled by allotter No. 2 become idle 
operate their make busy keys also. 

(2) When the make busy keys of all sender selectors con- 
trolled by allotter No. 2 have been operated, remove 
connecting plug "K M from the regular position, turn it 
over and insert it in the trouble position. 

(3) Restore sender selector make busy keys. 

To restore allotter No. 2 to service. 

(1) Wait until all sender selectors controlled by allotter 
No. 2 are idle and then operate their respective make 
busy keys. 

(2) Remove connecting plug M K M from the trouble position, 
turn it over and insert it in the regular position. 

(3) Restore sender selector make busy keys. 

13. Cordless “B" Key Set: 

To take out of service. 

Remove regular key set from keyshelf and replace it with 
the emergency key set. 

To restore to service. 

Remove emergency key set and replace with regular key set. 

14. Cordless M B" Key Control Circuit: 

(a) To take a key control circuit out of service. 

(l) To take key control circuit No. 1 of any position out 
of service remove regular plugs from jacks W C M , H E H 
and "F". 
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(2) To take key control circuit No. 2 out of service, 
remove regular plugs from jacks "D" , n G n , and . 

To restore to service replace the plugs. 

(b) To replace key control circuit No. 1 of any position with 
a key control circuit from another position. 

(1) Remove regular plugs from jacks "C", "E" and H F M of 
key control circuit in trouble. 

(2) Remove regular plugs from jacks "C", "E" and * F" of 
key control circuit in another position to be used 
for replacing the one in trouble. 

(3) Connect jacks "C", "E* and H F" of circuit to be re- 
placed to jacks "C", M E* , and "F" of replacing circuit 
by means of patching cords provided for this purpose. 

To replace key control circuit No. 2 of any position, pro- 
ceed as above except that jacks M D M , H G" and "H H will be used for 
making the transfer. 

To restore to service. 

Remove patching cord plugs from jacks and replace regular 

plugs . 

15. Interrupters: 

When it is necessary to stop interrupters to make adjust- 
ments or repairs the equipment with which the interrupter in question 
is associated shall be taken out of service while such adjustments 
are being made. 

16. Taking Trunks and Subscribers* Lines Out of Service Due to 

Troubles in Multiple Banks: 

The following describes the method of taking equipment out 
of service due to troubles which may occur in multiple banks. A ground 
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or cross may develop in a multiple hank due to a surface trouble and 
in all cases the first thing to do is to make a careful examination 
across both sides of the bank to make sure the trouble is not due to 
a surface cross before disconnecting the trunk wires. 

Where one or two terminals are in trouble in a district office 
or incoming bank, it is hardly worth while to change the bank. If the 
trouble occurs in a district, office or incoming bank, and it is de- 
sired to keep the trunk in service at other frames, the trunk wires may 
be disconnected from the bank, spliced out, and carried over to the next 
frame. The sleeve conductor of the abandoned set of terminals should 
be made busy by grounding it to the frame. 

In the case of a broken tip, ring or sleeve terminal on any 
frame, make busy the selector which hunts over the particular vertical 
row of terminals in which the broken terminal is located. If it is 
desired to keep the selector in service and there is a vacant space on 
the frame, the selector may be transferred to this space. 

Troubles which arise due to grounded or crossed terminals in 
final multiple banks depending upon the nature of the trouble and the 
class of service should be taken care of in one of the following ways: 

A - Individual line and party line of any class. 

(a) Sleeve grounded 

(1) Cross-connect the line at the J/*T>.F # to a new 
multiple terminal and at the I. D. F. cross-connect the line switch to 
the new multiple. 

(2) Cro 38-connect the old multiple terminal (tip and 
ring only) to a special ringdown intercepting trunk. 
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(3) Report the old and new line number and the inter- 
cepting trunk number to the intercepting operator* 

(b) Sleeve crossed with its own ring. 

(1) Block open the cutoff relay of the line switch to 
keep the line and cutoff relays from vibrating* 

(2) If the terminal above the one in trouble is vacant 
transfer the line with its associated line switch to this terminal 
snd connect its sleeve as the last line of a P.B.X. group, and connect 
the sleeve of the abandoned terminal as a busy P.B.X, line ether than 
the last line of a P.B.X. group. 

(3) If the terminal above the one in trouble is not 
vacant, transfer the line with its associated line switch to some 
other vacant terminal. 

(4) Cross-connect the old multiple teminal to a 
special ringdown intercepting trunk. 

(5) Report the old and new line numbers and intercept- 
ing trunk number to the intercepting operator. 

(c) Sleeve crossed with tip of line below. 

(1) Block open the cutoff relay of the line switch of 

the line below, 

(2) Cross-connect both lines at the M. I). P. to new 
multiple terminals and at the I. D. P. cross-connect their respective 
line switches to the new multiple terminals, 

(3) Connect the upper line to a final intercepting 
trunk circuit and connect the sleeve of the line below as a busy 
P.B.X. line other than a last line. (See Pigure 2, ES-207840.) 
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NOTE; 

After a directory period has been passed the line above may 
be assigned to a new line, but the sleeve should be connected as the 
last line of a P.B.X. group. The sleeve of the terminal below should 
be connected as a busy P.B.X* line other than a last line (see Pig. 2 
ES- 207 ,040) . In this way but one terminal will be lost, but in this 
case calls made in error to the lower terminal will get a working line. 

(4) Report the old and new line numbers and the inter- 
cepting trunk number to the intercepting operator. 

(d) Ring grounded. 

(1) Release the district and sender by routing the line 
to a permanent signal trunk. 

(2) If the terminal immediately above the one in trouble 
is vacant transfer the line to this terminal and conneot the sleeve of 
the abandoned terminal as a busy P.B.X. line other than a last line. 

(3) If the terminal immediately above the one in trouble 
is assigned to a direct or party line of any class transfer the line 

on the terminal in trouble to a new multiple terminal. Transfer also 
the line on the terminal immediately above the one in trouble to a new 
multiple terminal and connect the sleeve of the terminal in trouble as 
a busy P.B.X* line other than a last line, cross connect the second 
terminal to an intercepting trunk. 

(4) Report both number changes and the intercepting 
trunk number to the intercepting operator. 

(5) If the terminal immediately above the one in 
trouble is the first line of a P.B.X* group the multiple bank must 
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bo changed os It would aeon the shifting of the entire P.B.A. group in 
order to got one terminal for intercepting calls to the line in trouble. 
Should a condition of thie kind arise the tank thou Id be changed as 
promptly as possible as a *rvice to the line in trouble cannot be inter- 
cepted. until the bank is chanced the ter-inal in trouble should be 
made to test like a buoy individual line in order to prevent people oho 
call it from being charged. 

1 he line In trouble should be cross-connected temporarily to a 
new terminal so that the cubscriber can make outgoing calls. 

(e) Ring crossed with it© own tip. 

11) This case is practically the s*sw as & grounded 
ring and should be cared for in the some manner. 

If) lip grounded. 

(1) If the terminal above the one in trouble is vacant 

transfer the line with its associated line switch to this terminal and 
connect its sleeve as the last line of a P.B.X. group, and connect 
the sleeve of the abandoned teriuinal ao a busy line other than 

the last line of a !•£*<&• group. 

(2) If the terminal above the one in trouble is not 

vacant transfer the line with its associated line switch to some 
other vacant terminal* 

^3) Cross-eon nett the terminal In trouble to a fin»X 
int ?roept ing line. 

(4J Uej-ort the old *nd new Une nusfcere to the inter- 

c opt lag operator. 

B - Pirst line of a P.B.*. group 
(a) Sleeve grounded. 

(1) Disconnect the line switch cross-connection at the 

I,D * y * (pj Cross-connect the iefectire terainel (tip and 

rln* onlyj to « special. riujjdown intorcept int; trunk. 
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(3) Notify the Traffic Department of the trouble 

and request that the interceptir^ operator be instructed, when calls 
are received for the P.B.X. to ask the calling subscriber to call 
the next higher number in the group. 

(4) If the number of the P.B.X. cannot be changed 
permanently the multiple bank must be replaced. Furthermore if 
the traffic to the group is such that one intercepting line is not 
enough to handle all calls the bank should be replaced. 

(b) Sleeve crossed with its own ring. 

(1) Disconnect the line switch or oss-oonnection at 
the I. D. F. and connect the sleeve terminal as a busy P.B.X. line 
other than a last line (See Figure 2 ES-207840. ) 

(2) If there is a vacant terminal immediately above 
the last terminal of the group transfer the line switch from the 
terminal in trouble to this terminal and connect the sleeve as the 
last line of the group. 

(3) Remove the last line sleeve condition from the 
old last line and connect it as a P.B.X. line other than a last line. 

(4) If there is no vacant terminal above the last 
line of the group and the traffic conditions are such that the sub- 
scriber needs the trunk the multiple bank should be replaced. If, 
however, there is a vacant terminal preceding the first line of 
the grouo, this terminal could be added to the group without chang- 
ing the line number, but could be used only for originating calls. 

This should not be done without first consulting the Traffic and 
Commercial Departments, as it is a matter that would have to be 
taken up with the subscriber. 
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(c) Sleeve crossed with tip of line below. 

A trouble of this kind will interrupt service to the 
entire group of P.B.X. trunks and where the terminal with which the 
first line of the group is crossed is a working line and the number 
of the P.B.X. oannot be changed the multiple bank will have to be 
replaced. 

Pending the replacement of the bank, P.B.X. trunks 
should be protected in the following way: 

(1) Block open the cutoff relay of the line switch of 
the line below which will remove the ground from the 3leeve of the 
first P.B.X. trunk. Transfer the line below with its line switch 
to a new multiple terminal. 

(2) Place an individual subscriber 1 3 line busy condition 
on the sleeve of the abandoned terminal. 

(3) Notify the subscriber that his line is tenporarily 
out of order for incoming calls. 

(4) Change the multiple bank. 

If it is possible to change the line number of the P.B.X. 
proceed as follows: 

(1) Block open the cutoff relay of the line switch of 
the line below to remove the ground from the sleeve of the first 
P.B.X. trunk and then transfer the line below with its line switch to 
a new multiple terminal. 

(2) Transfer the P.B.X. trunks with their associated 
line switches to new multiple terminals, 

(3) Connect the sleeve of the line below and the sleeves 
of the abandoned P.B.X. group except the last line as busy P.B.X. 
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lines other than a last line (See Figure 2 SS-207840.) 

(4) Connect the last line of the abandoned p.B.X. 
group to im intercepting trunk and connect its sleeve as the last 
line of a P.B.X. group (See Figure 1, BS-207840.) If the group is 

a large one and one intercepting trunk cannot handle all calls, connect 
other intercepting trunks to the terminals immediately preceding 
the last terminal and connect their sleeves as P.B.X. lines other than 
a last line. 

(5) Notify the Traffic Department of the number changes, 
(d) Ring grounded, ring crossed with its om tip, tip grounded 

(l) Proceed in all these cases as described under sleeve 
crossed with its own ring. 

C - Intermediate line of a P.B.X. group, 

(a) Sleeve grounded. 

(l) Disconnect the line switch cross-connection at 


the I.D.F. 

(2) Arrange the sleeve terminal of the trunk immediately 
preceding the one in trouble as the last line of a P.B.X. group. 

(3) Notify the P.B.X. operator of the trouble and re- 
quest that all calls from the P.B.X. be confined to the trunks above 
the one in trouble. 

(4) If the number of the P.B.X. cannot be changed the 
multiple bank must be replaced. 

(5) If the number of the P.B.X. can be changed the 
entire group of lines with their associated line switches should be 
cross-connected to new multiple terminals. The defective terminal 
should be cross-connected to a special ringdown intercepting trunk. 
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The abandoned terminals above and below the terminal in trouble 
sliould be arranged a3 separate P.B.X. group 3 and connected to inter- 
cepting trunks. 

(b) Sleeve crossed with its own ring. 

(l) Proceed as described under first line of thep.B.X. 
group, sleeve crossed with it* 07 m ring. 

(c) Sleeve crossed with tip of line below. 

(1) Remove the line switch cross-connection from the 
line below and connect the sleeve terminal as a busy P.B.X. line 
other than a lest line (See Pig. 2 - ES-207340.) 

(2) If there is a vacant terminal above the last 
trunk of the group transfer the multiple and line switch cross-connec- 
tions from the terminal below to this terminal and connect its sleeve 
as the last line of the p.B.X. group. 

(3) Replace the last line sleeve condition of the old 
last line with a first or intermediate line sleeve condition. 

(4) If there is no vacant terminal above the last 
line of the group and the number of thep.B.X. can be changed trans- 
fer the group of trunks to new multiple terminals. Connect the last 
terminal of the abandoned group to an intercepting trunk and wire 
its sleeve as a P.B.X. last line (See Figure 1, ES-207840;) Wire 
the sleeves of the preceding terminals as busy first or intermediate 
P.B.X. lines. (See Figure 2, ES-207840.) If one intercepting trunk 
is not enough connect other intercepting trunks to the terminals 
immediately preceding the la3t terminal and connect their sleeves as 
P.B.X. lines other than a last line. 

(7) If there is no vacant terminal above the last 
terminal of the group and the number of the P.B.X. cannot be 
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changed the multiple bank must be replaced. 

(d) Ring grounded, ring crossed with its own tip, tip 

grounded. 

(l) Proceed as descri oed under first line of P.B.X. 
sleeve crossed with its own ring. 

D - Last line of P.B.X. group. 

(a) Sleeve grounded. 

(1) Disconnect the line switch cross-connection at 

the I.D.F. 

(2) Arrange the terminal immediately preceding the 
last line as the last line of the group. 

(3) If the number cannot be changed and the subscriber 
needs all trunks the bank must be replaced. 

(4) If there is a vacant terminal preceding the first 
line of the group and arrangements can be made with the Traffic and 
Commercial Departments to add this terminal to the group this should 
be done. The P.B.X. operator Bhould be advised of the change, and 
requested to use the trunk for out calls. Connect the abandoned 
terminal (tip and ring only) to a special ringdown intercepting trunk. 

(b) Sleeve crossed with its own ring. 

(1) Disconnect the line switch cross-connection at 
the I.D.F. and, place a busy P.B.X. last line condition on the 
sleeve terminal. 

( 2 ) If there is a vacant terminal above the terminal 
in trouble connect the line switch to this tennixial and arrange its 
sleeve a3 the last line of the group, and connect the sleeve of the 
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abandoned terminal as a busy P.B.X. line other than a last line 
(See Pig. 2, ES-207840.) 

(3) If there i3 no vacant terminal above the last 
terminal of the group or no vacant terminal preceding the first line 
in the group which could be added to the group the multiple bank 
must be replaced, unless it is possible to change the line number. 

(c) Sleeve crossed with tip of line below. 

(l) proceed as described under C - Intermediate line of 
a P.B.X. group, sleeve crossed with tip of line below. 

(d) Ring grounded, ring crossed with its own tip, tip grounded. 

(l) Proceed as described under sleeve crossed with its 

own ring. 

(e) Tip crossed with sleeve of line above. 

(1) Disconnect the line switch cross-connection from 
the last line of the P.B.X. group, and place a last line busy condition 
on its sleeve. 

(2) If the terminal above is a vacant terminal, transfer 
the line with its associated line switch to this vacant terminal and 
connect the sleeve as the last line of a P.B.X. group. Replace the 
busy last line condition on the sleeve of the abandoned terminal with 

a busy P.B.X. line condition other than a last line (See Pi g. 2- ES 207840.) 

(3) If the terminal above is working, arrange the 
sleeve of the terminal preceding the last line of the P.B.X. group 
as the last line of the group. 

(4) Disconnect the line switch and multiple cross- 
connection from the eld last line and connect its sleeve as a busy 
P.B.X. line other than a last line. (S f "e Pigure 2, ES-207840.) 
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(5) Transfer the line on the terminal above to a 
new multiple and cross-connect the abandoned terminal to an inter- 
cepting trunk. Connect the sleeve of this terminal as the last 
line of a P.B.X. group (See Figure 1, BS-207840.) 

(6) If there is a vacant terminal preceding the first 
line of the group and arrangements can be made with the Traffic 
Department and the Commercial Department to add this terminal to the 
group this should be done. If this cannot be done and the subscriber 
needs all trunks the bank must be replaced. 

17. Taking; Frames Out of Service While Changing a Multiple Bank. 

When it is necessary to change a multiple bank, the work 
should be done during the period of lightest load. 

The following describes the methods to be followed in taking 
frames out of service when a multiple bank is to be changed. 

A - District Frame. 

1. If the frame is in such a position that the trunks will be 
open to other frames, select enough trunks from each group in the 
bank to carry the traffic while the bank is being changed. Hun tem- 
porary wires around the frame affected to carry the trunks which are 
to be kept in service. 

2. Make all trunks busy with make busy plugs at the office or 
incoming frames except those selected to carry the traffic. Make 
all selectors busy on the frame in trouble by operating the frame 
busy keys. 

NOTE: If the bank to be changed is at the end of the multiple, 

all that is necessary to take the frame out of service 
is to operate the frame-busy keys. Great care should be 
exercised, however, to prevent the bank wires from becom- 
ing crossed while the work is being done. 
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B.- Office Frame. 

1. If the frame is in such a position that the trunk multiple 
will be open to other frames when the bank is removed, select enough 
trunks from each group in the bank to carry the traffic during the 
time the frame is out of service. Run temporary wires around the 
frame affected to carry the trunks which are to be kept in service. 

2. Busy all trunks except those which are to be kept in service. 
Make busy all selectors on the frame in trouble with make-busy plugs. 

NOTE: As noted under District Frame if the frame in trouble 

is at the end of the multiple, it will not be necessary 
to loop trunks around it. 

C - Incoming Frame. 

The method of taking an incoming frame out of service for 
changing a multiple bank is the same as for Office Frames. 

D - Final Frame. 

The following outlines various ways of taking care of the 
traffic to final frames when a multiple bank is to be changed. 

1. Final Frame not Multipled. 

During the time the frame is shut down calls for lines in 
the frame should be directed to an intercepting operator. This can 
be done by selecting one or two trunks from each sub-group to the final 
frame and connecting these trunks to a blank incoming line circuit. 

The method of making these connections is shown on Drawing No. 706-248. 

Where service cannot be interrupted on certain lines in the 
frame in trouble these lines should be cross-connected temporarily to 
spare multiple terminals in some other f rame . Calls for these lines 
will reach the intercepting operator who will advise that the desired 
party can be reached by dialing the temporary line number. 


- 22 - 


INftilotin 9*. 17 


Div . B 

Sec. V-Taking Equipment 
Out of Service. 
12 / 1 / 20 . 

Douglas and Tyler, Omaha. 


Where a spare final frame is available and service to certain 
lines cannot be interrupted these lines may be cross-connected to ter- 
minals in the same relative position on the scare final frame. All 
other terminals, however, on the spare final frame must be strapped to- 
gether in group and connected to a blank final lines to the intercept- 
ing operator. The method of making these connections for both the 
subscribers* lines and final selectors is shown on Drawing No. 706-249. 

Drawing No. 706-247 shows in detail how trunks incoming to 
final selectors may be patched from one frame to another. 

2. Final Frame Multipled. 

Should the bank be in the frame at the beginning of the mul- 
tiple, select enough trunks from each sub-group to the final frame in 
trouble and connect them to trunks on the nearest final frame which is 
a multiple of the one to be shut down making the connections as shown 
on Drawing No. 706-250. If there are certain lines in the bank which 
is to be changed on which service cannot be interrupted run temporary 
wires from the end of the multiple to the horizontal side of the 
I.D.F. and connect to the multiple at that point. It will not be 
practicable to multiple all of the terminals in this bank together as 
is done in the case where a spare final frame is available so that 
during the time the frame is out of service calls for other lines in 
this bank will not be completed and no report can be given the calling 
subscriber. 

Where the bank to be changed is in the middle or last frame 
of the multiple the change can be made without interfering with service 
to any of the lines. This can be accomplished by taking certain trunks 
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running to the final frame in trouble and patching them to working 
final frames. The method of patching the trunks incoming to selectors 
in this case is shown on Drawing No. 706-251. 

18. Shutting Down Frames to Change Friction Roll Drive: 

A - District Frames. 

Operate the frame busy keys on the 9ides of the frames 
affected by the stopping of the drive motor. 

After the friction roll has been changed a careful and com- 
plete check should be made of the adjustment of all selectors on the 
frame. 

B - Office, Incoming and Final Frames. 

With make-busy plugs make all selectors busy on the sides 
of the frames affected by the stopping of the drive motor. 

After the friction roll has been changed a carefull and 
complete check should be made of the adjustment of all selectors on 
the frame. 
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DIVISION B 

PTIIL MECHANICAL OFFICES 

Section VI. a - Plant Peaks and Method of Operation 

TROUBLE P33K 


QTO3RAI 

At the Trouble Desk appear the alarms and signals provided 
to indicate troubles of various sorts affecting the machine switch- 
ing equipment. At this desk means are also provided for removing 
outgoing interoffice trunks from service individually in case of 
trouble and for testing the trunk conductors. The traffic force 
reports to this point any equipment trouble, and the maintenance 
people any outgoing trunk which must be taken out of service. In 
short the Trouble Desk might be described as trouble headquarters 
for the machine switching equipment. 

Trouble tickets, serially numbered for each day, beginning 
at 12 midnight, are made out by the sen er monitor or the desk switch- 
man for each case of reported trouble, located in the central office 
mechanism. It is the desk switchman's duty to assign the tickets 
and when they are returned to see that the trouble has been properly 
cleared, and that the "class" in which the trouble found belongs as 
given in Section XVII "Trouble Records*', is noted on the ticket, 
tfhere the cause is not found the ticket should show the appearance 
to the switchman and classification made accordingly. 

A log book should be kept, in which should be entered such 
occurrences aB blown fuses (except those caused by maintenance men); 
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operation of district frame time alarm, final frame time alarm, line 
switch alarm; power plant irregularities; clock circuit trouble; and 
any other outstanding circumstance having a bearing on the service 
given by the machine switching equipment. 

Both Douglas and Tyler offices are handled at the same 


desk. 

FACq KQjqpyftST 

The following equipment is provided: 

1. Subscribers sender supervisory equipment, each 

sender renresented by 

A designation strip 
A make busy jack 
A test jack 
A lamp (white cap) 

A lamp (red cap) (on coin senders only) 

2. Cordless "B" sender supervisory equipment, each 

circuit represented by 

A designation strip 
A make busy j ack 
A lamp (white cap) 

3. Alarm pilots, each circuit represented by 

A designation strip 
A lamp (white or red caps) 

A lamp (white cap) (motor stop only) 

A key (locking) (motor stop only) 

Alarm pilots for the floor on which the trouble 
desk is located appear in the trouble desk. 

The alarm pilots in floor alarm boards on the 
other floors are represented in the Trouble 
Desk by pilots, one for each of the different 
classes of alarms. 

4. Cordless "B" emergency signal, each circuit repre- 

sented by 


A designation strip 
A lamp (white cap) 
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5. Permanent signal trunks, each represented by 

A designation strip 
Ananswering jack 
A lamp (white cap) 

A disconnect key ( non-locking ) 

6. Overflow permanent signal circuit represented by 

A lamp 

A key (for extingu ishing the lamp) 

7. Plugging up circuits, each represented by 

A designation strip 
A lamp (green cap) 

An answering jack 
A lamp (white cap) 

A test jack 
A lamp (red cap) 

A key (locking) 

8. Talking trunks, each represented by 

A key 

A lamn (white cap) 

A designation strip 

9. Incoming call circuit from the local test desk 

represented by 

A lamp (white cap) 

10. Auxiliary pilots, each circuit represented by 

A designation strip 
A lamp 

11. Audible Alarms, represented by 

An A.C. ringer 
A D.C. gong 

12. Interoffice outgoing trunks, each represented by 

A designation strip 
A test j ack 
A make busy jack 

13. Emergency Signal Circuit, represented by 


A lamp 
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1 . 


2 . 


3. 


4. 


5 . 


6 . 


KEY SHELF EQUIPMENT 

Talking cords, each represented by 

A supervisory lamp (white cap) 

A talking key 
A flashing key 
A coin return key 
A coin collect key 
A cord with plug 

Selector test cord, represented by 

A set of numerical keys 
A supervisory lamp (white cap) 

A busy lamp (red cap) 

A guard lamp (green cap) 

A talking key 
A cord with plug 

Voltmeter test cord, represented by 

A set of test keys 
A voltmeter 

A supervisory lamp (white cap) 

A busy lamp (red cap) 

A guard lamp (green cap) 

A cord with plug (Sender Monitor's position) 

A cord with plug (Desk Switchman's position) 

Howler cord, represented by 

A cord with plug (Sender Monitor's position only) 
A supervisory lamp (white cap) 

A key (Talking and Howler positions) 

Test trunks from local test desk, each 
represented by 

A cord with plug (Sender Monitor and Desk Switch- 
man' 8 Positions) 

A disconnect lamp (white cap) 

A telephone set for each position represented by 


Sender Monitor's 
Position only 


Desk Switchman's 
Position only 


Desk Switchman* s 
Position only. 


Jacks - for receiver 
A transmitter (suspended) 

A ringing key 
A secondary cutout key 

A dial (desk switchman’s position only) 


7 


Electric clock 
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FACE BQIJimrgKT 

1. Subscribers 1 Sender Supervisory B^quipment 
Description of Equipment. 

The subscribers* sender supervisory equipment is located 
in the face of the trouble desk before the sender monitor. The make 
busy jack provides a means for removing a sender from service; and, 
if no pulses of the second digit are registered so as to move the # B* 
register off normal, for restoring the sender to normal and causing 
the district selector to become connected to one of a special group 
of terminals called permanent signal trunks; or, if the progress of 
the sender is blocked because of incomplete dialing, for freeing the 
subscribers* line and restoring the sender and all other selectors 
in the connection to normal; or if the progress of the sender is 
blocked because of trouble, for freeing the subscribers* line in the 
majority of cases and for restoring the sender and district selector 
to normal in the majority of cases if selection beyond the district 
selector has not taken place. 

The test jack provides a means for obtaining access to the 
tip and ring conductors of the subscriber’s line attached to a sender. 
The lamps provide a means for indicating that the normal operation of 
the sender is held up. For all irregularities, except coin, these 
lamps become lighted only after an interval of time, varying from a 
minimum of one half minute to a maximum of one minute, has been mea- 
sured off, this length of time being long enough to permit normal 
operation to be completed. For coin irregularities the red lamp is 
lighted immediately and the white lamp after an interval not exceeding 
four seconds. 
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The lighting of the sender lamps should be understood by 
the sender monitor to have the following meaning: 


Trouble or 


Class 

Of 

Sender 

Abnormal Condition 

White Lamp 

Red Lamp 

Coin 

and 

Non-coin 

Permanent Signal 

Steady Bright 


M 

H 

n m 

Partially dialed 
numb er 

Steady Dim 


« 

II 

f* M 

Stuck Sender 

Flicker 


Coin 



Non-deposit of coin 
by subscriber 

Flicker 

Flash 

if 



Non-collected coin 

Steady Bright 

Steady Bright 

N 



Non-returned coin 

Flicker 

Steady Bright 


Method of Operation 

General 


Inasmuch as the majority of the signals on the subscribers 1 
sender lamps are probably due to irregularities of operation on the 
part of subscribers (there will usually be more at the time of cut-over 
from manual telephone operation) the sender monitor should at all timeB 
appreciate the importance of properly instructing the subscribers so as 

to enable them to avoid the repetition of such irregularities. The 
sender monitor in his conversation with the subscribers should be 
courteous, tactful, and concise, consistent with making the instructions 

plain . As far as possible any information which he conveys to the 
subscriber should be in the form of a request. He should understand 
that by answering with the words "repair clerk" he at once introduces 
himself to the subscriber, by the very meaning of the words, as one who 
is going to help the latter out of his troubles. In the following 
paragraphs, the principal contingencies which may present themselves 
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are outlined, together with the action to be taken and the preferred 
phrases to be used. It i8 not contemplated that no other phrases 
or words may be used, but it is very essential that the sender monitor 
should have a complete picture of all the contingencies which may 
arise, and be keen to grasp each situation so as to promptly take the 
necessary action. 

If upon answering the sender lamps the sender monitor should 
find that the subscriber wishes to make a call of an emergency character 
such as fire, police, ambulance, doctor, etc. the sender monitor should 
assume that he is unable to make his call in the prescribed way and 
should, therefore, obtain from him complete information. The sender 
monitor through a trunk to the zero operator should then transmit the 
information to the proper point. 

If upon answering the sender lamps a subscriber reports 
trouble, for example, bell rang, dial sticks, dont get dial tone, etc. 
the sender monitor should note it, make out a trouble ticket if it 
relates to machine switching equipment, otherwise give the information 
by telephone to the repair clerk. 

If upon ansv/ering the sender lamps the sender monitor should 
hear the busy tone on the circuit he should understand that the oper- 
ation of the sender automatic routine test equipment is blocked on 
that particular circuit, by some trouble. He should insert a dummy 
plug in the test jack, this to be removed as soon ao the lamp is ex- 
tinguished. The purpose of the dummy plug is merely to remind him 
that he has taken action in response to that signal. 

In the following paragraphs the sender monitor should under- 
stand that the term H subscribers 1 line" is meant to include the pulse 
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relay of the sender and the wiring thereto. 

Permanent Signal 

A permanent signal may be ceneed by a receiver off the hoot, 
knocked off inadvertently by the subscriber or taken off by the sub- 
scriber to make a call but waiting for various reasons longer than 
one half minute approximately before dialing; a P.B.X. cord •’up* 
longer then one half minute approximately before dialing; a short 
circuit or ground on the line or equipment trouble in the sender. 

Upon observing the indication of a permanent signal the sender 
monitor should insert the plug of a talking cord in the associated test 
jack (thereby extingu ishing the sender lamp) operate the talking key 
and challenge with the words "Repair clerk, what number are you calling, 
please?" and then "what is your number, please?" 

Permanent Signal Answer Received 

If an answer is received the sender monitor should be govern- 
ed by what the subscriber may say as follows: 

If it appears that the subscriber is waiting for an operator 
to answer, the sender monitor should understand that the subscriber 
is most likely unfamiliar with the operation of the machine switching 
telephone. He should say "To make a call at the telephone where you 
are, it is necessary to operate the dial at the base of the telephone 
ae required by the number which you wish to call. Instructions as 
to how to dial are in the directory. Will you consult them, please?" 
If the subscriber is still perplexed and not satisfied the sender 
monitor should in detail explain the operation of the switch hook and 
dial using some number as TYler 4321 or preferably the number the sub- 
scriber wants as an example as follows: 
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"To call a number say TY ler 4321 you will find it listed 
in the directory with the first two letters of TY ler set off from 
the rest of the word and printed in large letters. That means to 
get your call to TY ler office you must first dial these two letters, 
first T and then Y. Then to get the number in TY ler office you must 

dial first 4, then 3, then 2 and then 1. Now, to make your call you 
take the receiver off the hook and then wait until you hear a tone or 
musical sound in the receiver. That signifies that you can go ahead 
and dial. If you dial before hearing the tone your call will go 
wrong. As soon as you hear the tone you should start dialing. To 
dial your number you first put your finger in the hole where the letter 
"T" is and then pull the dial around until your finger comes against 
the curved finger stop, then take your finger out of the hole. As 
soon as you do this the dial will automatically return to its starting 
position. Be sure not to touch the dial or interfere with it in any 
way when it is returning. Next, you put your finger in the hole 
where the letter "Y* is, pull the dial around to the finger stop and 
let it go again. Next, you put your finger in the hole where the 
number "4" is, pull the dial around to the finger stop and then let 
it go. This you do for the other numbers 3, 2 and finally 1. When 
you have done this, very soon you will hear an intermittent burring 
sound like the ringing of a bell. This is the ringing signal and 
means that your party is being rung. When you are through talking, 
will you hang your receiver on the switch hook, please?" Having made 
every reasonable effort to straighten out the subscriber, the sender 
monitor should disconnect immediately upon the lighting of the super- 
visory lamp. 
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If it appears that the subscriber has simply delayed dial- 
ing for various personal reasons (interrupted by a friend, etc,) other 
than those covered by the following paragraphs and in response to the 
sender monitor's challenge indicates that he is ready to dial, the 
sender monitor should say "By not dialing promptly after hearing the 
dial tone the aoparatus is placed in trouble; will you not dial promptly 
after hearing the dial tone, please? " and then add "In a moment you will 
hear the dial tone. Will you then dial, please ?" The sender monitor 
should thereupon at once disconnect. 

If it appears that the subscriber has delayed dialing because 
of a jammed or sticky dial, the sender monitor should obtain full in- 
formation regarding the trouble and then say to the subscriber "You 
cannot make a call, until the dial is repaired. A repairman will be 
sent there to fix it as soon as possible. Will you hang up, please?" 
The sender monitor should disconnect immediately upon the lighting of 
the supervisory lamp. He should then report the trouble to the repair 
clerk. 

If it appears that the subscriber has delayed dialing because 
of failure to hear the dial tone the sender monitor should say "There 
is some trouble on the line; will you hang up and in a few moments dial 
again, please?" The sender monitor should disconnect immediately upon 
the lighting of the supervisory lamp, make out a trouble ticket giving 
the calling subscriber's number, the sender number and the fact that 
"no dial tone" is received and refer the ticket to a switchman. The 
sender should not be removed from service. 

If the subscriber insists that he did dial properly the sender 
monitor should understand that possibly some trouble exists in the 
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sender, or, that some trouble has developed on the line coineidently 
with the removal of the subscriber’s receiver, for example, a receiver 
removed at an extension station, or, that the subscriber notwithstand- 
ing his insistance to the contrary did dial incorrectly. The sender 
monitor should say "There is some trouble on the line; will you hang 
up and in a few moments dial again, please?" The sender monitor 
should disconnect immediately upon the lighting of the supervisory lamp. 

If a coin box subscriber requests that the money which he 
deposited should be returned the sender monitor should operate the coin 
return key (R), and then disconnect immediately upon the lighting of 
the supervisory lamp. 

In all of the preceding cases the sender monitor should make 
every effort to have the subscribers hang up promptly and long enough 
(approximately 10 seconds) to allow the apparatus to become discon- 
nected. To this end the sender monitor should challenge at 10 second 
intervals as long as the supervisory lamp is not lighted. If the sub- 
scriber does not hang up in one-half minute the sender monitor should 
treat the case as a permanent signal as described under the following 
heading "Ho answer received." 

Permanent lignal No Answer Received 

If after challenging at intervals for about one half minute 
no answer is received the sender monitor should assume that the trouble 
is a permanent signal. He should then withdraw the plug of the talk- 
ing cord and insert it momentarily in the associated make busy Jack. 

The act of momentarily connecting the talking cord to the make busy 
jack causes the sender to route the call to a permanent signal trunk. 
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the sender thereupon being freed barring trouble in itself. 

If a considerable number of permanent signals "corae in'* 
in a short space of time the sender monitor should understand that 
the trouble is likely due to a cable failure or storm condition* He 
should challenge in each case and then momentarily insert the plug 
of the talking cord in the make busy jack. He should report this 
condition to the desk switchman who will take steps to assign addi- 
tional switchman for tracing the subscribers* lines promptly. 

Note: As this office has been engineered without provid- 

ing space on the district frames for permanent signal trunks it may 
be necessary in the beginning to provide a common group of such trunks 
on the office frames. However, the labor of tracing will be consid- 
erably increased if the trunks are on the office frames so that ar- 
rangement should be made as soon as possible to put them on the dis- 
trict frames. 

Partially Dialed Number. 

A partially dialed number signal will usually be caused by 
some irregularity of operation on the part of the subscriber, but also 
by interference at extension stations or other party stations on a 
party line, by the coincident development on the line of short circuits, 
grounds, or opens or by equipment trouble in the sender. 

Upon observing the indication of a partially dialed number 
signal the sender monitor should insert the plug of a talking cord in 
the associated test jack (thereby extinguishing the sender lamp), oper- 
ate the talking key and challenge with the words "Repair clerk, what 
number are you calling, please?** and then "what is your number. Please?** 


i 
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The sender monitor should understand that the code numbers 
for the various operators and desk positions are the following: 


Operator 0 
Long Distance operator 211 
A-B toll operator 311 
Information operator 411 
Wire Chief (Hot Published ' 511 
Repair clerk 611 
Local company’s operator 811 


and that a subscriber’s number is always made up of two letters 
followed by four fingers as follows: C0-0930, TY-4781, S0-0410, 
D0-0021. 

Partially Dialed Humber Answer Received 

If an answer is received (which will usually be the case) 
the sender monitor should be governed by what the subscriber may say 
as follows: 

If it appears that the called subscriber’s number is not 
made up of the proper number of letters and figures, for example 
CO-930, ¥-4781, 30-041, DO-21, the sender monitor should explain to 
the subscriber wherein the number is inadequate and should say final- 
ly ’'The apparatus is placed in trouble if you do not dial the number 
correctly, will you consult the directory for the correct number, 
Flease? 1 * The sender monitor should disconnect immediately upon the 
lighting of the supervisory lamp. 

If it appears that the subscriber is attempting to call one 
of the special operators or desk positions, the sender monitor should 
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assume that he dialed the wrong number and should say "The correct 
number for the operator (the sender monitor repeating the 

name of the special operator) is (the sender monitor supplying the 
correct number); will you hang up and in a few moments dial 

again, please? M If it appears that the subscriber is attempting 
to reach a number which can only be reached through the special oper- 
ators, for example, a number at an A-B toll point, the sender monitor 
should say "To reach a number at (the sender monitor naming 

the place or city) you should dial (the sender monitor supplying 

the code number of the special operator) which will connect you to 
the operator (the sender monitor supplying the name of the 

operator) who will see that your call is completed. To avoid plac- 
ing the apparatus in trouble will you first consult the directory, 
please?" The sender monitor should finally say "Will you hang up 
and in a few moments dial again, please?" The sender monitor should 
disconnect immediately upon the lighting of the supervisory lamp. 

If it appears that a subscriber has not finished dialing, 
the sender monitor should say "Because you have not dialed your number 
one digit after the other promptly the call has gone wrong; will 

you hang up and in a few moments dial again, please?" The sender 
monitor should disconnect immediately upon the lighting of the super- 
visory lamp. 

If the subscriber insists that he did dial his number com- 
pletely and the sender monitor recognizes nothing wrong therewith, he 
should understand that the trouble is due either to some irregularity 
of operation on the part of the subscriber notwithstanding his in- 
sistance to the contrary, for example, the ommi98ion of a letter or 
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figure, interference with the dial either forcing it, retarding it 
of prematurely stopping it, wiggling the switch hook intentionally 
or accidentally, or dialing before hearing the dial tone; or, to 
equipment trouble, for example, dial out of adjustment, interference 
from extension stations or other parties on a party line, short cir- 
cuits, grounds or opens developing on the line shortly after starting 
to dial, or equipment trouble in the sender. The sender monitor 
should say to the subscriber "There is some trouble on the line, will 
you hang up and in a few moments dial again, please?" The sender 
monitor should disconnect immediately upon the lighting of the super- 
visory lamp. 

In the preceding case, if the sender monitor recognizes 
that the same subscriber is repeatedly causing partially dialed num- 
ber signals, he should say "Does your dial seem to operate properly?" 
If the reply is in the negative he should then add "To avoid having 
your call go wrong will you bo careful in dialing to see that all of 
the digits of the number as listed in the directory are dialed, to 
wait for the dial tone, to be sure not to interfere with the return 
of the dial, either forcing it, or retarding it, and to avoid touch- 
ing the switch hook until you are ready to hang up, please?" The 
sender monitor should disconnect immediately upon the lighting of 
the supervisory lamp. 

If a coin box subscriber requests that the money which he 
deposited should be returned the sender monitor should operate the 
coin return key (R) and then disconnect immediately upon the light- 
ing of the supervisory lamp. 

In all of the preceding cases the sender monitor should 
make every effort to have the subscriber hang up promptly and long 
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enough ( approximately 10 seconds) to allow the apparatus to be dis- 
connected. To this end the sender monitor should challenge at 10 
second intervals as long as the supervisory lamp i3 not lighted. If 
after 1/2 minute no response is received and the lamp is still not 
lighted the case should be handled as described under the following 
heading rt No Answer Received." 

Partially Dialed Number No Answer Received 

If after answering a partially dialed number signal no 
response is received, the sender monitor should at once disconnect 
whether or not the supervisory lamp is lighted and then momentarily 
insert the plug of the talking cord in the make busy jack. This 
act should free the subscribers line and restore the sender to nor- 
mal irrespective of whether or not the subscriber hangs up or short 
circuits or grounds are on the line. 

If the sender lamp repeatedly lights one half minute after 
the plug of the talking cord is withdrawn from the make ousy jack the 
sender monitor should understand that the apparatus has been unable 
to free itself due to some trouble. He should however first challenge 
on the line in each case and if a subscriber is found on the line re- 
quest him to hang up. The sender monitor should then insert a make 
busy plug in the make busy jack and make out a trouble ticket, giving 
the calling subscriber numbers if obtained, the called numbers if 
obtained, the sender number and the fact that the sender is in trouble 
on a partially dialed number signal. This will remove the sender 
from service. 

The sender monitor should understand that if pulses corre- 
sponding to the first digit only are received by the sender the act 
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of momentarily inserting a plug of the talking cord in the make busy 
jack will be effective in routing the subscriber’s line to a oermanent 
signal trunk. 

For the purpose of detecting senders repeatedly in trouble 
on partially dialed number signals the sender monitor should keep a 
running record of partially dialed number signals on the sender lamp 
form, giving the calling subscriber’s numbers if obtained, the called 
numbers if obtained, and the sender number. If the same sender in 
a short space of time "comes in" two or three times with the same 
signal | the sender monitor should insert a make busy plug in the make 
busy jack and make out a trouble ticket , giving the calling subscri- 
ber’s numbers, the called subscriber’s numbers, and the sender number 
and the fact that it is in trouble on a partially dialed number signal. 
Stuck Sender 

A stuck sender signal will usually be caused by some trouble 
in the chain of selectors and apparatus connected to the sender or to 
trouble in the sender itself. This signal msy also be caused by slow 
operating on the part of relay call indicator operators. 

Upon observing the indication of a stuck sender signal the 
sender monitor should insert the plug of a talking cord into the 
associated test jack (thereby extinguishing the sender lamp), operate 
the talking key and challenge with the words "Repair clerk, what num- 
ber are you calling, please?” and then "*Vhat is your number, please?” 
Stuck Sender Answer Received 

The sender monitor should understand that some trouble has 
intervened to block the progress of the call. He should say to the 
subscriber "There is some trouble on the line; will you hang up and 
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in a few moments dial again, please*" The sender monitor should 
d laconnec t immediately upon the lighting of the supervisory la mo. 

Tf a coin box subscriber requests that the money which he 
deposited should be returned, the sender monitor should operate the 
coin return key (R) and then disconnect imro^iiately upon the lighting 
of the supervisory lamp. 

In all of the preceding cases the sender monitor should 
make every effort to have the subscriber hang up promptly and long 
enough (approximately 10 seconds) to allow the apparatus to become 
disconnected. To this end the sender monitor should challenge at 
10 second intervals as long as the supervisory lamp is not lighted. 

If after one half minute no response is received and the lamp is 
still not lighted the case should he handled as described under the 
following heading "No Answer Received." 

Stuck lender No Answer Received 

If after answering a stuck sender signal to response is 
received, the sender monitor should at once disconnect whether or not 
the supervisory lamp is lighted and then momentarily insert the plug 
of the talking cord in the ^ake busy jack. This act in the majority 
of cases will be effective in releasing the subscriber’s line irre- 
spective of whether or not the subscriber hangs up or short circuits 
or grounds are on the line and it will restore the sender and dis- 
trict to normal in the majority of cases if selection beyond the dis- 
trict selector has not taken place. 

If the sender lamp repeatedly lights one half minute after 
the plug of the talking cord is withdrawn from the make busy jack the 
sender monitor should understand that the apparatus has been unable 
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to free itself due to some trouble. He should, however, challenge 
on the line in each case and if a subscriber is found on the line 
request him to hang up. The sender monitor should then insert a 
make busy plug in the make busy jack and make out a trouble ticket , 
giving the calling subscriber's number, the called subscriber's num- 
ber, the sender number and the fact that the sender is in trouble on 
a stuck sender signal. This will remove the sender from service. 

As an exception to at once disconnecting, if no response 
is received on ooin box lines, the sender monitor should first oper- 
ate the coin collection key (C). 

For the purpose of detecting repeated stuck sender signals 
the sender monitor should keep a running record of stuck sender sig- 
nals on the sender lamp form giving the calling subscriber's numbers 
if obtained, the called number if obtained, and the sender number. 

If the same sender in a short space of time "comes in M two or three 
times with the same signal the sender monitor should insert a make 
busy plug in the make busy jack and make out a trouble ticket giving 
the calling subscribers' numbers, the called subscriber's numbers, 
the sender number and the fact that the sender is in trouble on a 
stuck sender signal. 

Non-Deposit of Coin Signal 

Note: For Douglas St Tyler offices, Omaha, the "non-deposit 
of coin" signal feature will not be included in the sender at 
the time of cut-over (but will be incorporated after cut-over as 
soon as possible), and therefore the instructions under this 
heading should not be used. At the time of cut-over, coin box 
line relays will have the grounds on the tip sides of the cir- 
cuits disconnected, so that a coin box subscriber can only oper- 
ate his line relay by removing his receiver from the switch hook 
and depositing a coin in the coin box which latter act places a 
ground on the tip side of the circuit through the 1000 ohm wind- 
ing of the coin box relay. When the "non deposit of coin" signal 
feature is included in the sender, coin box line relays will be 
connected up exactly as regular subscribers’ line relays. Also 
in the subscribers' line and sender circuits at the time of cut- 
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over there is no feature for detecting the connection of a "dead" 
ground to the tip side of the line. Therefore, the phrase "equi- 
valent ground" in the instructions under the headings "Non-Col- 
lected Coin Signal" and "Non- Re turned Coin Signal” should be read 
"ground” until the circuits are changed. 

The non-deoosit of coin signal will usually be caused by the 
neglect of the subscriber to deposit the required coin. It also may 
be caused by a dead ground or open on the tip side of the line or by 
trouble in the sender. A dead ground on the tip side of the line may 
be an attempt at "beating" on the part of the subscriber. The sender 
monitor should understand that the call will be "held up" for calls to 
relay call indicator offices in position 9 of the sender sequence 
switch, i.e. just prior to the sending of the impulses to the relay 
call indicator apparatus and for calls to machine switching offices in 
position 17 of the sender sequence switch i.e. just prior to final tens 
selection. 

Upon observing the indication of a non-deposit of coin signal 
the sender monitor should insert the plug of a talking cord in the 
associated test jack, (thereby extinguishing the sender lamps) operate 
the talking key and challenge with the words "Repair clerk, what number 
are you calling, please?" and then "What is your number, please?" 
Non-Deposit of Coin 3ignal Answer Received 

If an answer is received (which will practically always be 
the case) the sender monitor should proceed as follows, governed by 
what the subscriber may say. 

The sender monitor should say, "The signals indicate that 
your call is held up because the required coin has not been deposited. 
Will you deposit a coin, please?" If it appears that the subscriber 
did not know that the telephone was a coin prepayment one, the sender 
monitor should explain this to him, stating the coin required and the 
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slot in which it is to be deposited. Upon hearing the deposit of 
the coin or upon being satisfied from what the subscriber says that 
a coin 1 b deposited the sender monitor should disconnect. If a coin 
i 8 properly deposited the sender lamps should remain extinguished and 
the call will proceed. 

If, however, the non-deposit of coin signal ’•comes in" 
again (the red lamp immediately) after withdrawing from the test jack, 
the sender monitor should understand that the cause of the "hold up" 
of the call is not removed. He should again insert the plug of a 
talking cord in the test jack and then make the teats outlined in the 
following paragraphs, first saying to the subscriber "Will you hold 
the line a moment, please? N He should then operate the coin return 
key (R). 

If the coin pilot lamp does not light and then after restor- 
ing the coin return key (R) and again operating it, the lamp still 

does not light, the sender monitor should understand that a coin is 
not deposited. The sender monitor should then say "The signals still 
indicate that the required coin is not deposited; will you deposit the 
required coin, please?" If the subscriber insists that he did deposit 

the coin the sender monitor should obtain his name and address and 

advise him that the amount due him will be mailed to his address and 
that to make another call he should hang up and dial again. If it 
appears that the subscriber may have deposited his coin before hearing 
the dial tone the sender monitor should caution him against doing this. 
The sender monitor should say finally, "tfill you hang up, and in a few 
moments dial again, please?" He should then disconnect immediately 
upon the lighting of the supervisory lamp. 
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If the coin pilot lamp lights and then after restoring the 
coin return key (R) and a^ain operating it, the coin pilot lamp re- 
mains unlighted, the sender monitor should understand that probably 
a coin had been properly deposited and is returned and that there is 
some trouble in the coin testing apparatus of the sender. The sender 
monitor should then say to the subscriber "I have returned your money, 
will you hang up, and in a few momenta dial again, please?* 1 He should 
then disconnect immediately upon the lighting of the supervisory lamp. 
The subscriber’s line will then be freed and the sender restored to 
normal . 

Tor the purpose of detecting repeated trouble in the coin 
testing apparatus of the senders, the sender monitor should keep a 
running record of such cases on the sender lamp form, giving the 
calling subscriber’s number, the sendee- number, and the fact that 
there is some trouble in the coin testing apparatus on the non-denosit 
of coin signal. If the same coin sender in a short space of time 
’’comes in” with the same trouble the sender monitor should insert a 
make busy plug in the make busy jack and make out a trouble ticket 
giving the sender number and the fact that the coin testing apparatus 
failed. 

If the coin pilot lamp lights and then after restoring the 
coin return key (R) and again operating it, the coin pilot lamp again 
lights the sender monitor should understand that there is a dead ground 
on the line. He should say *1 have returned your money.” If the 
subscriber indicates that no money has been returned the sender monitor 
should obtain his name and address and advise him that the amount due 
him will be mailed to his address. Whether the subscriber indicates 
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that his money is or is not returned the sender monitor should then 
say "There is some trouble on the line, are you the proprietor? " or, 
"will you have the proprietor come to the ’phone, please?" If the 
sender monitor is able to talk to the proprietor, as usually will be 
the case at attended pay stations, he should say "will you hang the 
"out of order sign" on the telephone, please?" A repair man will 
be sent to your telephone as soon as possible. In any event, the 

sender monitor should say finally "Will you hang up and in the mean- 
while use some other telephone, please?" He should disconnect imme- 
die.tely upon the lighting of the supervisory lamp. This should 
suffice to free the subscriber’s line and restore the sender to nor- 
mal, but if the non-deposit of coin signal "comes in" again (the red 
lamp immediately), he should momentarily insert the plug of the talk- 
ing cord in the make busy jack. This, ordinarily should free the 
subscriber’s line and restore the sender to normal. The sender moni- 
tor should then report the case to the repair clerk giving the calling 
subscriber’ 8 number, that it is a coin box line on which a "repeat" 
coin signal is obtained and a plugging up circuit number. The latter 
he should assign from one of the group set aside for coin box lines. 

If, in the preceding cases the subscriber insists that his 
money is not returned, the sender monitor should obtain his name and 
address and advise him that the amount due him will be mailed to his 
address. 

In the preceding cases the sender monitor should make every 
effort to have the subscriber hang up promptly and long enough (ap- 
proximately ten seconds) to allow the apparatus to be disconnected. 

To this end he should challenge at ten second intervals as long as the 
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supervisory lamp is not lighted. After one-half minute whether or 
not a response is received, if the sunervieory lamp is 9 till not 
lighted, the 3ender monitor should assume that some trouble is ore- 
venting disconnection and he should, therefore, momentarily insert 
the plug of the talking cord in the make busy Jack. This act should 
free the subscriber’s line and restore the sender to normal. 

Non-Deposit of Coin Signal No Answer Received. 

If no answer ia received (this should seldom happen) the 
sender monitor should understand that most likely some trouble is 
preventing disconnection. Therefore, after challenging at ten 
second intervals for one-half minute if the supervisory lamp is not 
lighted he should operate the coin collect key (C) twice. 

If the coin pilot lamp is not lighted the first or second 
time he should momentarily insert the plug of the talking cord in 
the make busy Jack. This should free the subscriber’s line and re- 
store the sender to normal. 

If the pilot lamp is lighted the first time and not the 
second time the sender monitor should enter the sender number, and 
the fact that there is some trouble in the coin testing apparatus on 
the non-deposit of coin signal on the sender lamp form. He should 
then momentarily insert the plug of the talking cord in the make busy 
jack. This should free the subscriber’s line and restore the sender 
to normal . 

If the coin pilot lamp is lighted the first and second times 
the sender monitor should understand that d dead ground is connected 
to the tip side of the line. He should give the number of the tender 
to the 3wi tchraan for tracing the subscriber’s line. Alien the tracing 


Bulletin No. 17 


-25- Dir. B 

Sec. VI. a Plant Desks 

12 / 1/20 

Douglas 3s Tyler, Omaha 

switchman reports back the number of the line, the 3«nder monitor 
should refer the case to the repair clerk, giving the 3ub3crlber*s 
line number, that it is a coin box line on which a "repeat" coin 
signal is obtained and a plugging up circuit number. The latter he 
should assign from one of the group set aside for coin box lines. 

The sender monitor should then momentarily insert the plug of a talk- 
ing cord in the make busy Jack. This should ordinarily free the 
subscriber’s line and restore the sender to normal. 

Non-Collec ted Coin olgnal . 

A non-collected coin signal may be caused by a stuck coin 
or equivalent ground on the tip side of the line, by "no coin" in 
the coin box (usually a case of "beating") or by some trouble in the 
sender. 

Upon observing the indication of a non-collected coin sig- 
nal the sender monitor should insert the plug of a talking cord in 
the associated test jack, (thereby extinguishing the sender lamps) 
operate the talking key and challenge with the words "Repair clerk; 
will you hold the line a moment, please?" The sender monitor should 
then operate the coin collect key (C) whether or not a response is 
received . 

Hon-Collected Coin signal Answer Received. 

In the majority of crises no answer will be received, but 
if one is received the sender monitor should understand that most like- 
ly a subscriber is attempting to make a call before the sender has 
completed its functions in connection with the previous call on the 
line. He should proceed as follows governed by what the subscriber 


may say 
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If the coin pilot lamp does not light and than after 
restoring the coin collect key (C) and again operating it the lamp 
still does not light, the sender monitor should understand that the 
case is probably one of attempted "beating", the previous call having 
been obtained through an equivalent ground being temporarily connected 
to the tip of the line. The sender monitor should say "There is some 
trouble on your line, what is your number, please? " Having obtained 
the number the sender monitor should say "Will you hang up and in a 
few moments dial again, please?" If the subscriber insists upon the 
return of his money which he alleges he has deposited, the sender moni- 
tor should obtain his name and address and advise him that the amount 
due him will be mailed to his address. The sender monitor should 
also caution him against depositing money before hearing the dial tone. 
The sender monitor should disconnect immediately upon the lighting of 
the supervisory lamp and then momentarily insert the plug of the talk- 
ing cord in the make busy jack. This should free the subscriber's 
line and restore the sender to normal. If cases of this kind occur 
too frequently at the same telephone they should be referred to the 
proper authorities for investigations. 

If the coin pilot lamp lights and then after restoring 
the coin collect key (C) and again operating it the coin pilot lamp 
remains unlighted the sender monitor should understand that probably 
a coin had been deposited properly and collected and that there is 
some trouble in the coin collection apparatus of the sender. The 
sender monitor should say "There is some trouble on the line; will 
you hang up, and in a few moments dial again, please?" He should 
disconnect immediately upon the lighting of the supervisory lamp. 
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This may suffice to free the subscriber’s line and restore the sender 
to normal, but if the non collect coin signal comes in again (the red 
lamp immediately), he should momentarily insert the plug of the talk- 
ing cord in the make busy jack. This, ordinarily, should free the 
subscriber’s line and restore the sender to normal. 

For the purpose of detecting repeated trouble in the coin 
collection apparatus of senders, the sender monitor should keep a 
running record of such cases on the sender lamp form giving the call- 
ing subscriber’s number if obtained, the sender number, and the fact 
that there is some trouble in the coin collection apparatus on the 
non-collect coin signal. If the same coin sender in a short space 
of time "comes in" with the 3ame trouble the sender monitor should in- 
sert a make busy plug in the make busy jack and make out a trouble 
ticket giving the sender number and the fact that the coin collection 
apparatus failed. 

If the coin pilot lamp lights and then after restoring the 
coin collect key (0) and again operating it, the coin pilot lamp 
again lights, the sender monitor should understand that the coin box 
mechanism is stuck or that there is an equivalent ground connected to 
the tip side of the line. The sender monitor should say "There is 
some trouble on the line, are you the proprietor?" or, "Will you have 
the proprietor come to the 'phone, please?" If the sender monitor 
is able to talk to the proprietor, as usually will be the case at 
attended pay stations, he should say "Will you hang the "out of order 
sign" on the telephone, please?" A repair man will be sent to your 
telephone as soon as possible." In any event, the sender monitor 
should say finally "Will you hang up and in the meanwhile use some 
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other telephone, pleaee? M He should disconnect immediately upon 
the lighting of the supervisory 3 amp and then momentarily insert the 
plug of the talking cord in the make busy jack. This should free 
the subscriber’s line and restore the sender to normal. The sender 
monitor should then report the case to the repair clerk, giving the 
calling subscriber’s number, that it is a coin box line on which & 
"repeat" coin signal is obtained and a plugging up circuit number. 

The latter he should assign from one of the group set aside for coin 
box lines. 

If in the preceding cases a subscriber insists upon the 
return of money which he alleges he has deposited the sender monitor 
should obtain his name and address and advise him that the amount due 
him will be mailed to his address. The sender monitor should also 
caution him against depositing the required coin before hearing the 
dial tone. 

In all of the preceding cases the sender monitor should make 
every effort to have the subscriber hang up promptly and long enough 
(approximately ten seconds; to allow the apparatus to be disconnected. 
To this end he should challenge at ten second intervals as long as the 
supervisory lamp is not lighted. After one half minute whether or not 
a response is received if the supervisory lamp is not lighted the sen- 
der monitor should understand that some trouble is preventing discon- 
nection and should, therefore, momentarily insert the plug of the talk- 
ing cord in the make busy jack. This act should free the subscriber’s 
line and restore the sender to normal. 

Hon-Coilected Coin Signal No Answer Received. 

If nc answer is received as will happen in the majority of 
cases, the sender monitor should proceed as follows: 


■I 
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If the coin pilot lamp does not light and then after 
restoring the coin collect key ( C } and again operating it, the lamp 
still doea not light, the sender monitor should understand that the 
case is probably one of attempted "beating", the previous call having 
been obtained through an equivalent ground being temporarily connected 
to the tip side of the line. The sender monitor should momentarily 

insert the plug of the talking cord in the make busy Jack. This 
should free the subscriber’s line and restore the sender to normal. 

If such cases occur too frequently, however, the sender monitor should 
leave the talking cord in the test jack and refer the case to a switch- 
man for tracing the subscriber’s line, giving him the sender number. 
When the tracing switchman reports back, the sender monitor should en- 
ter the subscriber’s line number, sender number and the fact that a 
"no coin on collect" signal is received on the sender lamp form. If 
it appears that cases of this kind occur too frequently at the parti- 
cular telephone, they should be referred to the proper authorities for 
investigation. The sender monitor should then momentarily insert the 
plug of the talking cord in the make busy jack. This should free the 
subscriber’s line and restore the sender to normal. 

If the coin pilot lamp lights, and then after restoring the 
coin collect key (C) and again operating it, the coin pilot lamp re- 
mains unlisted, the sender monitor should understand that probably 
s coin had been properly deposited and collected and that there is 
some trouble in the coin collection apparatus of the sender. He 
should thereupon disconnect. This may suffice to free the subscri- 
ber’s line and restore the sender to normal, but if the non-collect 
coin signal ccmes in again (the red lamp immediately), he should monen- 
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tarily insert the plug of the talking cord in the make Busy jack. 

This should free the subscriber’s line and restore the sender to 
normal. Re should enter the sender number, and the fact that there 
is some trouble in the coin collection apparatus of the sender on 
the sender lamp form. 

If the coin pilot lamp lights and then after restoring the 
coin collect key (C) and again operating it, the coin pilot lamp 
again lights, the sender monitor should understand that the coin Box 
mechanism is stuck or that there is an equivalent ground connected 
to the tip side of the line. Leaving the talking cord connected to 
the test jack, the sender monitor should refer the case to a switch- 
man for tracing the subscriber’s line, giving him the sender number. 
Alien the tracing switchman reports back the subscriber’s number, the 
sender monitor should then report the case to the repair clerk giving 
the subscriber’s line number, that it is a coin box line on which a 
’’repeat’* coin signal is obtained and should assign a plugging up cir- 
cuit number. The latter he should assign from one of the group set 
aside for coin box lines. The sender monitor should then momentarily 
insert the plug of the talking cord in the make busy jack. This 
should free the subscriber’s line and restore the sender to normal. 
Hon- Re turned Coin Signal 

A non-returned coin signal may be caused by a stuck coin 
box mechanism, and equivalent ground on the tip side of the line, or 
by some trouble in the sender. 

Upon observing the indication of a non-returned coin signal, 
the sender monitor should insert the plug of & talking cord in the 
associated test jack (thereby extinguishing the sender lamps) operate 
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the talking key and challenge with the words "Repair Clerk". 

Non-Re turned Coin Signal Answer Received 

In the majority of cases no answer will be received, but 
if one is received the sender monitor should understand that most 
likely a subscriber is attempting to make a call before the sender 
has completed its function in connection with the previous call on 
the line or the subscriber wishes to complain about the non-return 
of Ms money. The sender monitor should say to the subscriber 
"Will you hold the line a moment, please?" He should then operate 
the coin return key ( H ) • 

If the coin pilot lamp does not light and then after re- 
storing the coin return key (R) and again operating it, the lamp 
still does not light, the sender monitor should understand that 
there is probably some trouble in the coin return apparatus of the 
sender. He should say, "Thera la some trouble on the connection, 
will you hang up and in a few moments dial again, please?" The 
sender monitor should disconnect immediately upon the lighting of 
the supervisory lamp, and then momentarily insert the plug of the 
talking cord in the make busy jack. This should free the subscri- 
ber’s line and restore the sender to normal. The sender monitor 
should enter the subscriber’s line number, sender number, and the 
fact that a "no coin on return" signal is obtained on the sender lamp 
form. 

If the coin pilot lamp lights and then after restoring the 
coin return key (R) and again operating it, the coin pilot lamp re- 
mains unlighted, the sender monitor should understand that probably 
a coin had been deposited properly and is returned and that there is 
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vome trouble in the coin-return apparatus of the sender. The 
sender monitor should then say to the subscriber W I have returned 
your money; will you hang up please?" If the subscriber insists 
that his money is not returned, the sender monitor should obtain his 
name and address and advise him that the amount due him will be 
mailed to his address. The sender monitor should disconnect imme- 
diately upon the lighting of the supervisory lamp. This should 
suffice to free the subscribers line and restore the sender to normal, 
but if the non-return coin signal H comes in" again (the red lamp 
immediately), the sender monitor should momentarily insert the plug 
of a talking cord in the make busy jack. This will free the sub- 
scriber's line and restore the sender to normal. 

For the purpose of detecting repeated trouble in the coin 
return apparatus of senders, the sender monitor should keep a running 
record of such cases on the sender lamp form giving the calling sub- 
scriber's number, if obtained, the sender number and the fact that 
there is some trouble in the coin return apparatus on the non-return 
coin signal. If the same coin sender in a short space of time cornea 
in with the same trouble, the sender monitor should insert a make busy 
plug in the make busy jack and make out a trouble ticket giving the 
sender number and the fact that there is some trouble in the coin re- 
turn apparatus. 

If the coin pilot lamp lights and then after restoring the 
coin return key (R) and again operating it, the coin pilot lamp again 
lights, the sender monitor should understand that the coin box mechan- 
ism is stuck or that an equivalent ground is connected to the tip of 
the line. He should say to the subscriber "I have returned your 
money". If the subscriber indicates that no money has been returned, 
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the r3enier monitor should obtain his name and address and advise 
him that the amount due him will be mailed to his address. Whether 
the subscriber indicates that his money is or is not returned, the 
sender monitor should then say ’’There ie some trouble on the line. 

Are you the proprietor?* or "M/ill you have the proprietor come to 
the phone, please?" If the sender monitor is able to talk to the 
proprietor, as usually will be the case at attended pay stations, he 
should say "Sill you hang the "Out of Order* sign on the telephone, 
please?* "A Repairman will be sent to your telephone as soon as 
possible." la any event the sender monitor should say finally n tfill 
you hang up, and in the meanwhile use some other telephone, please?" 

He should disconnect immediately upon tne lighting of the supervisory 
lamp. He should then momentarily insert the plug of a talking cord 
in the make busy jack. This should free the subscriber’s line and 
restore the sender to normal. The sender monitor should then report 
the case to the reoair clerk giving the calling subscriber’s number, 
that it is a coin box line on which a "repeat" coin signal is obtained 
and a plugging up circuit number. The latter he should assign from 
one of the group set aside for coinbox lines. 

If in the preceding cases, the subscriber insists that his 
money is not returned, the sender monitor should obtain his name and 
address and advise him that the amount due him will be mailed to his 
address. 

In all of the preceding cases the sender monitor should 
make every effort to have the subscriber hang up promptly and long 
enough (approximately 10 seconds) to allow the apparatus to be dis- 
connected. To this end he should challenge at 10- second intervals 
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as long as the supervisory lamp is not lighted. After l/2 minute 
whether or not a response is received, if the supervisory lamp is 
still not lighted, the sender monitor should understand that some 
trouble is preventing disconnec tion and he should therefore momen- 
tarily insert the plug of a talking cord in the make busy jack. 

This act should free the subscriber’s line and restore the sender to 
normal . 

Non Returned Coin Signal No Answer Received 

If no answer is received, the sender monitor should pro- 
ceed as follows: 

He should operate the coin return key (R) twice. 

If the coin lamp is not lighted the first or second time, 
he should understand that there is some trouble in the coin return 
apparatus of the sender. He should momentarily insert the plug of 
the talking cord in the make busy jack. This should free the sub- 
scriber’s line and restore the sender to normal. He should enter 
the sender number and the fact that a "no coin on return" signal is 
received on the sender lamp form. 

If the coin pilot lamp is lighted the first time, and not 
lighted the second time, the sender monitor should understand that 
a coin had been deposited properly and is returned and that there is 
some trouble in the coin return apparatus of the sender. He should 
thereupon disconnect. This should suffice to free the subscriber’s 
line and restore the sender to normal, but if the non-return coin 
signal "comes in" again (the red lamp immediately) he should momen- 
tarily insert the plug of the talking cord in the make busy jack. 

This should free the subscriber’s line and restore the sender to nor- 
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mal . He should enter the sender number and the fact that there is 
some trouble in the coin return apparatus on the sender lamp form. 

If the coin pilot lamp is lighted the first and second time 
the sender monitor should understand that the coin box mechanism is 
stuck or than an equivalent ground is connect to the tip side of the 
line. He should give the number of the sender to a switchman for 
tracing the subscriber's line. When the tracing switchAan reoorts 
back the number of the line the sender monitor should refer the case 
to the repair clerk giving the subscriber’s line number, that it is a 
coin box line on which a "repeat" coin signal is obtained and assign 
a plugging up circuit number. The latter, he should assign from one 
of the group set aside for coin box lines. The sender monitor should 
then momentarily insert the plug of a talking oord in the make busy 
jack. This act should free the subscriber’s line and restore the 
sender to normal. 

2. Cordless "B" oender Supervisory Equipment 
Description of Equipment 

The cordless W B" sender supervisory equipment is located in 
the face of the trouble desk before the sender monitor. The make 
busy Jack provides a means for removing the sender from service. The 
lamp provides a means for indicating the progress of the operation of 
the sender and at what stages of Its operation some abnormal condition 
or trouble has intervened to interfere with further progress. 

As soon as a sender is selected the lamp becomes lighted, 
the significance of the lighting being as follows: 
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.Shite Lamp 

Steady Dim 
Flicker 
Steady Bright 


Method of Operation 

The sender monitor should understand that the lighting of 
the lamp in any of the three manners indicated above for an interval 
longer than ten seconds should be considered as an indication of 
trouble. 

Ordinarily, trouble on cordless "B" senders will be noticed 
by the traffic department when an abnormal number of "wipe outs’' take 
olace in a short interval of time. This condition will be reported 
by telephone to the sender monitor. He should then closely super- 
vise the lamps for a 5 or 10 minute period and make a note of those 
senders which are stuck, giving the number of the sender and the con- 
dition of the sender lamp, whether it is "steady dim", "flickering", 
or "steady bright". If any sender repeats two or three times in a 
short interval, a make busy plug should be inserted in the make busy 
jack and a cordless "B" trouble ticket made out giving the sender 
number and the condition of the sender lamp, that is "Steady dim," 
"flickering", or "Steady bright". 

If a cordless "B" position is out of service, or if a call 
is blocked after "key release" and the operator cannot "wipe out", 
the number of the sender which may be involved can be ascertained by 
observing the sender lamps and noting the one which remains lighted 
in the same condition for an interval longer than 10 seconds. The 
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action to be taken when a cordless "B" position is out of service is 
described under the heading "Cordless B emergency sender signal". 


3. Alarm Pilots 


General 


For the puroose of enabling the desk switchman to have a 
means of knowing when any of the more important parts of the machine 
switching system other than those covered by the lighting of the 
various sender lamps have become inoperative; and for enabling him 
to know whether the floor switchman and machine men have remedied the 
trouble, alarm pilot lamps are provided which indicate: 

1. When fuses are blown on 

Subscribers district and cordless B incoming frames 

Subscribers sender and cordless B sender frames 

Office frames 

Incoming frames 

Pinal frames 

Coil racks (A and B) 

Line relays 

Miscellaneous Bus bars 

Distributing fuse panels 

Night alarm circuit H A n switchboard 

2. When the machine switching apparatus is stuck at 
such stages of progress that the sender does not give an alarm 

or that an operator does not receive an indication of the trouble. 

For these cases there are provided the 

Subscribers district selector time alarm 
Pinal selector time alarm 
Line switch alarm 

3. When any drive motor stops. Por these cases there 
'are provided the 


Motor stop alarms and guard lamps for 

Office frames 
Incoming frames 
Final frames 
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Subscribers sender frames 
Cordless B sender frames 

Frame make busy lamps for subscribers District Frames. 

4. When power plant irregularities are encountered 

because of 

Blown charge or discharge fuses 
Abnormally high or low 'battery roltage 
No ringing current voltage 
Operation of circuit breaker 
Phase failure 

fS. When the electric clock fails. 

6. When the automatic routine test equipment is blocked. 

The initial action in remedying the trouble indicated by 
the lighting of any of these alarm pilot lamps is to be taken by the 
switchman or machine man on the particular floor on which the trouble 
occurs. In order that this procedure may be carried out the alarm 
system is arranged so that there are alarm pilot lamps on each floor 
for the apparatus on that floor. These alarm pilots lamps are mounted 
on a special panel called the floor alarm board, except for the floor 
on which the trouble desk is located where these lamps are located in 
the latter. 

While the floor switchmen or machine men are to take the 
initial action in clearing the trouble indicated by the lighting of 
these pilot lamps, the desk switchman is to have general supervision 
to see that no alarm is left unattended for any appreciable length 
of time. When the desk switchman at times of light load or period® 
of relief is aware that no attendant is near the apparatus in trouble, 
he should at once assign someone to remedy the trouble. 

The desk switchman should enter in the log book all reports 
of trouble indicated by the alarm pilots together with the trouble 
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found by the floor switchmen. As an exception fuses blown by 
maintenance men should be disregarded. 

Blown ?u 3 ee Alarm Pilot Lamp - Selector Frames. 

A pilot lamp with a ?hite cap is provided at the trouble 
desk for each floor for all of the fuses on the selector frames on 
that floor. In addition, for the floor on which the trouble desk 
is located there is also provided a pilot lamp with a white cap for 
each of the types of frames on that floor, that is, one for the sub- 
scribers district frames, one for the office frames and one for the 
subscribers sender frames. A blown fuse lights the lamp, and the 
removal of the blown fuse puts out the lamp. 

Blown Fuse Alarm Pilot Lamp - Coll Hacks. Line Relay Frames. Miscel- 

laneous Fuse Bus Bars. 

A lamp with a white cap is provided at the trouble desk 
for all of the equipment of this type which is on each floor. A 
blown fuse lights the lamp and the removal of the blown fuse puts 
out the lamp. 

Blown Fuse Alarm Pilot Lamp - Distributing Panel. 

A pilot lamp with a white cap is provided at the trouble 
desk for each distributing panel on each floor. A blown fuse lights 
the lamp and the removal of the blown fuse puts out the lamp. 

Blown Fuse Alarm Pilot Lamp - Subscribers Switchboard Night Alarm 

Circuit. 

One lamp with a white cap is provided for indicating a 
blown fuse in the night alarm circuit for the subscribers switchboard. 
A blown fuse lights the lamp, and the removal of the blown fuse puts 
out the lamp. 
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Subscribers District Selector Time Alarm Pilot Lamp. 

There is one pilot lamp with a white cap for all of the 
district frames on each floor. In the circuit there is a device 
for measuring off a pre-determined time interval which is long enough 
to allow the selector to perform its normal functions. If, after the 
lapse of this interval, the normal functions of the selector are not 
completed, the pilot lamp is lighted indicating a stuck selector. 

The desk switchman should understand by the lighting of 
this lamp that one of the district selectors on the corresponding 
floor indicated by the marking on the designation strip is stuck due 
either to equipment trouble, plant trouble or failure to disconnect 
by the calling subscriber. The pilot lamp becomes lighted usually 
only when a sender is not associated with the district selector. It 
is extinguished as soon as the floor switchman restores the district 
selector to normal. 

Final Selector Time Alarm Pilot Lamp. 

There is one pilot lamp with a white cap for all of the 
final frames on each floor. In the circuit there is a device for 
measuring off a pre-determined time interval which is long enough to 
allow the selector to perform its normal functions. If after the 
lapse of this interval the final selector does not become released 
the pilot lamp is lighted indicating a stuck selector. 

The desk switchman should understand by the lighting of 
this lamp that a final selector on the corresponding floor indicated 
by the marking on the designation strip is stuck, due to the receiver 
left off the hook or line trouble. The lamp is extinguished as soon 
as the floor switchman restores the final selector to normal. 
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Line Switch Alarm Pilot Lamp. 

There is one lamp with a white cap for all the line 
switches on each floor. 

By the lighting of this lamp, the desk switchman should 
understand that a ground is on the DS brush of the line switch which 
will prevent the proper operation of the cut-off relay. This lamp 
is extinguished as soon as the floor switchman restores the associ- 
ated key at the floor alarm board. 

Kotor Stop Alarm and Guard Pilot lamps. 

For each group of frames, that is, subscriber’s sender, 
cordless "B" sender, subscriber’s district, office, incoming, and 
final frames on each floor, there is one lamp with a red cap. For 
the frames which are located on the same floor with the trouble desk 
there are two lamps, one with a red cap and one with a white cap, 
and a "push in rt and "pull out" key for each motor on the floor. 

Upon the lighting of the red lamp, the desk switchman should 
understand that a motor has stopped. As soon as the floor switchman 
pulls out the associated motor stop key at the floor alarm board or 
at the trouble desk, (if the motor is on the 8ame floor with the lat- 
ter) the red lamp is extinguished, and the white guard lamp is lighted. 
This signal therefore indicates to the desk switchman that the floor 
switchman is taking care of the trouble. As soon as both the red and 
white lamps are lighted the desk switchman should understand that the 
motor is again running. When both lamps are extinquished the desk 
switchman should understand that the floor switchman has pushed in the 
motor stop key. 
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If a motor on the same floor with the trouble desk stops, 
it is good practice, in order to save the time of the floor switch- 
man, for the desk switchman to pull out the motor stop key, and from 
the marking on the designation strip advise the floor switchman over 
the loud speakers or verbally, of the particular frame on which the 
motor has stopped. When the signals indicate that the motor is 
again running, the desk switchman should restore the key. 

When it appears that power drive trouble on incoming frames 
carrying the trunks from distant offices cannot be cleared promptly 
the desk switchman should notify the distant office desk Bwitchman 
so that steps can be taken to stop using the trunks involved. As 
soon as the trouble is cleared the necessary instructions should be 
transmitted to have the trunks restored to service. Initially at 
Omaha this will apply only to cordless B trunks. The traffic depart- 
ment will prevent the assignment of those trunks on the side of the 
frame affected, by placing a shield over the designation strip at the 
cordless B position. 

Frame Hake Busy Pilot lamp. 

There is one lamp with green cap for each side of each sub- 
scriber’s district frame. 

The desk switchman should understand upon the lighting of 
this lamp, that the motor has stopped or that the frame busy key at 
the frame has been operated by the floor switchman and that, as a 
result of the stopping of the motor or the operation of this key, the 
district selectors on that side of the frame corresponding to the 
lighted lamp are made busy. This lamp is extinguished as soon as 
the motor is again running, or the key is restored to normal. 
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Main Charge and Discharge Fuse Pilot Lamps . 

There is one lamp with a white cap for the main charge 
fuse and one lamp with a white cap for the main discharge fuse. 

When lighted these lamps indicate to the desk switchman 
that these fuses are blown. They are extinguished as soon as the 
blown fuses are replaced by new fuses. 

High and Low Battery Voltage Pilot Lamps. 

Two lamps, each with a white cap, are provided to indicate 
when the battery voltage is more than 50 volts or less than 45 volts. 
These lamps go out again when the voltage becomes normal. 

Ringing Current Voltage Failure Pilot Lamp. 

Two lamps are provided, each with a white cap, one for in- 
dicating the failure of potential on the ringing generator bus-bars 
and the other the failure of potential on the machine ringing genera- 
tor bus-bars. These lamps are extinguished as soon as the voltage 
is again within the prescribed limits. 

Circuit Breaker Pilot Lamp. 

One. lamp with a white cap is provided for indicating the 
opening of the circuit breakers. It is extinguished as soon as the 
circuit breaker is closed. 

Phase Failure Pilot Lamp. 

One lamp with a white cap is provided for indicating the 
failure of any one of the phases of the polyphase power source. It 
is extinguished as soon as the breakdown in the power source is re- 
moved. 

Clock Circuit Pilot Lamp. 


One lamp is provided with a white cap for indicating trouble 
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on the clock circuits controlling the No. 1-A electric clocks. It 
is ext ingu i shed as soon as the trouble is removed. 

Automatic Routine Test Pilot Lamp. 

One lamp with a white cap is provided for each of the 
automatic routine t«sts- The lamp is lighted when the automatic 
routine test is blocked because of meeting trouble. flhen the switch- 
man who watches the automatic routine test equipment takes action; 
that is, restores the equipment to normal or causes it to repeat its 
operation, the lamp is extinguished. 

The desk switchman should advise the various switchman en- 
gaged in making routine tests, of any power failure or other dis- 
turbance which would be apt to affect the accuracy of the testing 
equipment . 

4 • Cordless B Emergency Signal. 

One lamp with a white cap is provided for each cordless 
B position. The lamp is caused to be lighted by the operation of 

a key in the cordless B position by the B supervisor. 

Upon the lighting of this lamp the desk switchman should 
understand that the ccrdless B position is out of service. He should 
at once send a switchman to the B position and one to the cordless B 
frames. From the nature of the reports of these men the desk switch- 
man should determine whether or not the emergency key board should be 
employed and give instructions accordingly. The lamp is extinguished 
when the B supervisor restores the key to normal. 

5 • Permanent Signal T runks,. 

Description of Equipment. 

The permanent signal trunks are intended to afford a means 
for holding subscribers’ lines that have a permanent signal for a 
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period of eight to ten minutes during which the howler is to be 
applied; and, for identifying the district selector as a first step 
in identifying the subscriber’s line connected to the district selec- 
tor. In this latter manner the circuit is to be used not only to 
identify the subscriber’s line having a permanent signal, but also to 
identify for the outside repairmen lines on which they are working 
whenever this is necessary. P.B.X. lines are to be held on these 
trunks until the trouble is actually cleared. A group of these 
trunks extends from each district frame to the trouble desk, there 
being three trunks individual to each frame and two trunks common to 
a small group of frames. The individual trunks will be first in the 
order of preference. The equipment at the trouble desk consists of 
a designation strip, a jack, a lamp with a white cap, and a disconnect 
key. 

Method of Operation. 

If after momentarily inserting the plug of a talking cord 
in the make busy jack, after having answered a permanent signal or a 
partially dialed number signal on a subscriber’s sender, the lamp of 
some one of the permanent signal trunks does not become lighted, the 
sender monitor should understand that the line had come clear. No 
further action need be taken in this case except to note on the per- 
manent signal form the time the line came O.K. 

If after momentarily inserting the plug of a talking cord 
in a make busy jack the lamp of some one of the permanent signal trunks 
flashes, the sender monitor should understand that the particular sub- 
scriber’s line in trouble had been connected to this particular per- 
manent signal trunk and that the trouble condition still exists on the 
line. 
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If one of the permanent signal trunk lamps flashes at any 
time other than when a sender monitor momentarily inserts the plug 
of a talking cord in the make busy Jack, the sender monitor should 
understand that an outside repairman had dialed the code which con- 
nects the line on which he is working to an idle permanent signal 
trunk and that he wishes to have the number of the subscriber’s line 
on which he is working identified. 

The sender monitor should answer by inserting the plug of 
the howler cord in the associated answering jack and operate the 
talking key. This act will cause the lamp to become steadily lighted 
and to remain so until the disconnect key associated with the perma- 
nent signal trunk is depressed, or until the receiver "off the hook" 
is replaced, or the trouble condition on the line is removed. The 
talking key connects the sender monitor’s telephone set to the line 
and he should challenge with the words, "Repair Clerk". 

If a repairman is found on the line, the sender monitor 
should understand that the repairman will request that the number of 
the line on which he is working shall be identified. The sender 
monitor should then disconnect the howler cord and insert a specially 
marked dummy plug in the jack, the latter serving to indicate that a 
repairman is waiting on the circuit and that the howler is not to be 
connected thereto. He should then have the connection traced in the 
manner described later on for tracing connections where the subscri- 
ber’s line has a permanent signal. When the tracer reports back the 
number of the line, the sender monitor should again insert the plug 
of the howler cord in the jack, having first removed the dummy plug, 
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and after operating the talking key, give the number of the line to 
the repairman. The sender monitor should then disconnect the howler 
cord and as soon ae the permanent signal trunk lamp flickers indicat- 
ing that the repairman has disconnected, he should depress the dis- 
connect key associated with the permanent signal trunk jack. The 
sender monitor should enter all these cases, including the number of 
the traced subscriber’s line, on the permanent signal form, but should 
suitably mark them with the letter "R", indicating that a repairman 
had called. If the permanent signal trunk lamp flickers before the 
number of the subscriber’s line is ascertained, the sender monitor, 
should depress the disconnect key, after the tracer has reported back 
the number of the subscriber’s line which should be entered on the 
permanent signal form. 

If a subscriber is found on the line, the sender monitor 
should say, "There is some trouble on the Une, will you hang up and 
in a few moments dial again, please?" The sender monitor should dis- 
connect the howler cord at once, and, as soon as the permanent signal 
trunk lamp flickers, understand that the subscriber has hung up, then 
depress the disconnect key, and note the time the trouble came O.K. on 
the permanent signal form. If the lamp remains steadily lighted the 
sender monitor should understand that there is trouble on the line and 
should treat the case as a permanent signal, as outlined in the follow- 
ing paragraphs. 

If no response is obtained, the sender monitor should dis- 
connect the howler cord and note on the running permanent signal form 
provided for this purpose the district frame number or numbers, and 
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permanent signal trunk number, thi9 information being obtained from 
the permanent signal trunk designation strip. The sender monitor 
should then advise a tracer by telephone of the permanent signal, 
giving to him the district frame number or numbers, and the permanent 
signal trunk number for the purpose of tracing the subscriber’ s line. 

The information which the tracer reports hack regarding the 
subscriber’s line should be entered in the proper columns on the per- 
manent signnl form. This information will consist of the subscriber’s 
number; if the line is a party line, all of the other parties thereon; 
if tbe line is one of a P.B.X. group, the number of the first line of 
the group, and, the line switch number. 

If the line is one of the P.B.X. group the sender monitor 
should verbally request the desk switchman to get in touch with the 
P.B.X. and request the P.B.X. operator to attempt to disconnect from 
the line in question. If this removes the trouble condition from 
the line, the permanent signal trunk lamp will flicker, giving a dis- 
tinctive signal to the sender monitor that the line has become clear. 
The sender monitor should depress the disconnect key and note the 
time the line came O.K. in the proper column on the permanent signal 
form. If the trouble condition does not become removed from the 
line, the sender monitor should refer the case to the repair clerk 
and at the same time place a dummy plug in the answering jack. 

On all lines other than P.B.X. lines, the sender monitor 
should hold the line for approximately eight to ten minutes, in which 
interval he 3 hould apply the howler at least twice. To apply the 
howler the 3 ender monitor should insert the plug of the howler cord in 
the answering jack and operate the talking key, and challenge on the 
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line. This must be done each time before applying the howler. If 
no response is received, the howler key should be operated. During 
the interval that the howler tone is connected to the line the howler 
cord supervisory lomp flickers. At other times when this lamp is 

not lighted, the sender monitor should understand that the receiver 
is off the hook, and that when it is lighted the receiver is on the 
hook. 

During the interval that the permanent signal trunk# is 
held, the permanent signs! trunk lamp will remain steadily lighted 
unless the trouble condition on the line disappears, in which event 
the lamp will flicker. The sender monitor should then depress the 
disconnect key. The line should be considered as having come clear 
and the time the line came O.K. should be noted on the permanent 
signal form. 

As an exception, in those cases where a dummy plug is in 
an answering Jack, the latter should not be disconnected except at 
the request of a local test man. This practice makes it possible 
to place a busy test on the third wire of those P.B.X. lines which 
are out of order, and thus doe3 not interfere with the hunting of 
lines of P.B.X. groups at the final frames. However, when the lamp 
flickers the sender monitor should advise the local testman of this 
fact. 

All P.B.X. lines on which the desk switchman has been un- 
successful in having the trouble condition removed and all other 
lines still in trouble after having been held eight to ten minutes 
should he referred to the repair clerk. The sender monitor by tele- 
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phone should give to the repair clerk the subscribers 1 numbers in- 
volved; if a P.B.X. line, the number of the first line of the P.B.X. 
group; the line switch number; and, the number of the assigned plugg- 
ing up circuit. The sender monitor should assign any idle plugging 
up circuit; the fact that it is idle being indicated by an unlighted 
green lamp which is associated with each plugging up circuit. 

As soon as the frameman removes the heat coils for "putting 
up" the plugging up circuit, the subscriber’s line will be opened, 
thereby, unless the trouble is inside the office, causing the perma- 
nent signal trunk lamo to flicker. The sender monitor thereupon, 
should depress the disconnect key. 

Where the sender monitor recognizes that the permanent sig- 
nals are due to a cable failure or storm condition, without applying 
the howler he should report the cases to the repair clerk as fast as 
the tracer or switchman report back the numbers of the subscribers’ 
line. Plugging up circuits should be assigned as long as they are 
available . 

6 • Overflow Permanent Signal Circuit. 

Description of Equipment. 

The overflow permanent signal circuit affords a means for 
indicating when a subscribers’ line having a permanent signal, has 
become connected to the overflow terminals of a permanent signal trunk 
group at one of the district frames, consequent upon the sender moni- 
tor momentarily inserting the plug of a talking cord in the make busy 
jack of the sender. It also affords a means, although somewhat less 
exact, for identifying the district selector involved in the connec- 
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tlon. The overflow terminals of all of the district frames are 
multipled together and whenever such terminals are seized by any 
district selector, a lam:) located in the piling block in front of 
the sender monitor is lighted. A non-locking key is provided in 
association with this lamp for extingu ishing it, each time it is 
1 igh t ed . 

T/ethod of Operation. 

Then the overflow signal leant) is lighted, consequent upon 
the sender monitor momentarily inserting the plug of a talking cord 
in the make busy jack of the sender, he should observe which one of 
the permanent 3 ignal trunk lamp groups hod all five lamps lighted. 
Prom thi 3 he can infer what district Hrame or what group of frames 
is involved. As soon as this information is obtained, the key as- 
sociated with the overflow permanent signal lamp should be operated 
to extinguish the lamp. The number of the district frame or frames 
should be noted on the permanent signal form, together with the fact 
that the line had become connected to an overflow terminal. This 
information should be given to the tracer by telephone for the pur- 
pose of tracing the sx^becriber 1 s line. When the tracer reports 
hack, the sender monitor should note the information on the permanent 
signal form and then forward this information by telephone to the re- 
pair clerk adding that the subscriber 1 s line is connected to overflow. 

The howler cannot be connected to subscribers’ lines routed 
to overflow terminals, but it is believed that this will not occur 
frequently. 

Where the sender monitor recognizes that the permanent sig- 
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nals are 3ue to a cable failure or atom condition, he should report 
t.he case ^ to the ranair clerk as ^ast as the tracer or ewitehraan 
reports bock the numbers o** the subscribers 1 linos. Plugging up 
circuits should be assigned as 1 on? as they arc available. 

7 • Plugging lip Circuits. 

Description of Equipment. 

The plugging up circuits are intended to afford a means 
for intercepting service on subscribers’ lines out of order because 
of, (l) receivers off the hook, short circuit, or grounds, (2) opens; 
and (3) coin box lines; and for testing the subscribers’ line outside 
of the office. The circuit extends from the main frame to the trou- 
ble desk. At the main frame, the circuit is terminated in jacks lo- 
cated in jack boxes which are multipled at intervals along the frame. 
By means of a four- way patching cord, connection is made between the 
jacks and the protector springs. 

The circuit has two paths; one path connecting the final 
multiple to jacks at the trouble desk and the other path connecting 
the subscriber’s line outside of the office to jacks at the trouble 
desk. The former is used for intercepting service, the latter for 
testing. For the former, the equipment at the trouble desk consists 
of a designation strip, a jack, and a lamp with white cap; for the 
latter of a lamp with green cap, a jack, a second lamp with red cap 
and a transfer key. The lamp with the white cap is lighted whenever 
the subscriber whose line is "up" on the plugging up circuit is call- 
ed, the lamp being lighted through the operation of a ring-up relay. 
The lamp with a green cap is lighted whenever a patching cord is con- 
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nected to the Jacks at the jack boxes at the M.D.F. thus serving 
as a guard signal. The lamp with the red cap is responsive to con- 
ditions on the subscriber’s line. Its lighting depends also upon 
the setting of the transfer key. Normally, when the transfer key 
i 8 "pushed in", the circuit is set for troubles causing permanent 
signals, such as short circuits and grounds, and when it is "pulled 
out", it is set for opens and coin box lines. 

A separate group of plugging up circuits should be set 
aside for coin box lines discovered having grounds on the tip only 
as outlined under the heading "Subscribers Sender Supervisory Equip- 
ment", because the action which the sender monitor must take in re- 
sponse to the plugging up circuit signals is different from that on 
regular subscribers lines. 

Method of Operation* 

When the green lamp of a plugging up circuit is lighted, 
the sender monitor should understand that the frameman had connected 
the plugging up circuit to a subscriber’s line. This lamp will re- 
gain lighted as long as the patching cord at the M.D.F. is "up", thus 
serving as a guard signal. 

If the white lamp is lighted, the sender monitor should in- 
sert a talking cord in the associated answering jack, operate the 
talking key and challenge with the words, "Repair clerk, what number 
are you calling, please?" If no response is received on challenging, 
the sender monitor should operate the flashing key associated with the 
talking cord for the purpose of flashing in the distant operators that 
may be on toll or manual connections, and when an answer is received 
challenge with words "Repair clerk, what number are you calling, please? * 
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If the number given by the subscriber or operator does not 
correspond with any of the numbers opposite the plugging up circuit 
number on the permanent signal form, the sender monitor should advise 
the calling party that he is connected to the wrong number and should 
coll again. If the number given by the calling party is one of those 
on the permanent signal form, the sender monitor should advise that 
the line is out of order. If any reasonablp information can be fur- 
nished as to when the line will be restored to service, this should 
be given. If the line is temporarily transferred, the temporary num- 
ber should be given to the calling party. Having furnished the de- 
sired information, the sender monitor should disconnect. If, after 
challenging at 10" intervals for one half minute, no response is re- 
ceived the sender monitor should disconnect. 

*hen the sender monitor assigns a plugging-up circuit for 
a line having a permanent signal he should see that the transfer key 
is in its "pushed in" position. When he assigns a plugging-up cir- 
cuit for a line having an open he should see that the transfer key 
is in its "pulled out" position. WTien he assigns a plugging-up cir- 
cuit from the group set aside for coin box lines discovered as having 
grounds on the tip as outlined under the heading "Subscribers" Sender 
Supervisory Equipment" he should Bee that the transfer key is in its 
"pulled out" position. Occasionally in the latter case, there may 
be at the same time a short circuit or ground on the ring side of the 
line, in which event the transfer key should be in its "pushed in" 
position. 

If a red lamp lights or flashes on a plugging-up circuit 
set aside for coin box lines only, the sender monitor should insert 
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the plug of a talking cord in the associated answering Jack, operate 
the talking key and challenge with the words "Repair clerk." 

If a subscriber is on the line the .sender monitor should 
say "There is some trouble on the line. 7ill you use another tele- 
phone, please?" If the subscriber indicates that he had deposited 
a coin the sender monitor should aay "The money should not be de- 
posited until the dial tone is heard. 7111 you consult the instruc- 
tions in the directory, please?" If the subscriber insists that he 
had deposited a coin, the sender monitor should obtain his name and 
address and advise him that the amount due him will be mailed to hi3 
address. The sender monitor should disconnect immediately upon the 
lighting of the supervisory lamp. 

If a repairman 13 on the line he may say to the sender 
monitor that he is merely testing the line. In that event, the sen- 
der monitor should disconnect immediately and for the time being pay 
no attention to the lighting of the red lamp. If the repairman 
wishes to be connected to the local test desk to have a test made, 
the sender monitor should withdraw the talking cord and insert the 
plug of a test trunk from the local test desk in the jack. 

If a red lamp lights or flashes on a plugging-up circuit 
other than those in the group set aside for coin box lines, the sen- 
der monitor should insert the plug of the talking cord in the asso- 
ciated answering jack, operate the talking key and challenge with the 
words "Repair clerk". 

If a subscriber is on the line the sender monitor should say 
"There i 3 some trouble on the line; as soon as thi3 is removed you 
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will ho called. *111 you hart?* up, please?" VTiethar or not the 
supervisory l»mp is lighted the sender monitor should disconnect at 
once and insert the plug of a test trunk from the local test desk in 
the Jack. 

If a repairman is on the line he may say to the sender moni- 
tor that *e is merely testing the line. In that ©rent, the sender 
monitor should disconnect immediately and for the time being pay no 
attention to th* lighting of the red lamp. If the repairman wishes 
to he connected to the local test desk to have a test made, the sender 
monitor should withdraw the talking cord and insert the plug of a test 
trunk from the local test desk in the jack. 


General . 


8. Talking Trunks 


The talking trunks afford a means for making the trouble 
desk a clearing house for transmitting and receiving reports and in- 
structions relating to the machine switching equipment. They are 
key ended and are located in the jack panels directly above the pil- 
ing blocks. On some keys there are two trunks and on others only 
one. The associated lamps are located either directly above or be- 
low the keys. Designation strips are provided in association with 
the lamps. Some of the talking trunks appear before both the desk 
switchman and the sender monitor and others appear in only one of 
these positions. The key used on those trunks requiring a holding 
position has three positions in the following sequence; normal, talk- 
ing, holding. This sequence eliminates the possibility of giving a 
disconnect to the machine switching equipment in passing from "talking" 
to "holding". 
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l‘pon receiving over any of these trunks* reports of central 
office equipment trouble applying to Via own office the deck switch- 
roan should make out * ormtle ticket. 

Talking Trunk to Tim I ! : rnme - Desk >ltchmftn Only. 

The talking trunk to the final frame enables the outside 
maintenance forces to reach the desk switchman by dialing the assigned 
number. They should be cross-connected to line switch equipment, 
thereby enabling the desk switchman to make outgoing calls. They 
should not be listed in the directory, and should preferably be in the 
section of the final multiple reserved for official lines. 

Upon the 1 igh ting of the 1 amp , th e desk swi t c hman shou Id 
ansrrer by operating the key to its talking position. This causes the 
signal to be retired and the desk switchman’s telephone set to be con- 
nected to the circuit. If the desk switchman disconnects first, the 
signal is nut relighted. If the deck switchman desires to hold the 
connection, he should operate the key to its holding position. 

If the desk switchman wishes to call a number, he should 
operate the key to its talking position and then operate the dial 
as oo elated with the telephone circuit. 

Talking Trunk to C fficiru Board - Tesk Switchman Only . 

The two-way talking trunk to the official board enables the 
desk switchman to be reached direct from the official private branch- 
exchange end to enable the desk switchman to reach any line through 
the P.B.Z. 

Upon the lighting of the lamp the desk switchman should 
operate the key to its talking position. The operation of the key 
extinguishes the lamp and connects the desk switchman’s telephone set 
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to the circuit. If the desk switchman wishes to hold the circuit, 
he should operate the key to its holding position. If he should 
disconnect first, the lamp will remain extinguished. 

If the de 3 k switchman wishes to call one of the lineB at 
the official P.B.X. or nake a call through the P. 8 .X. he should oper- 
ate the key to it® talking position and when ths P. 2 .X. operator an- 
swers, request connection to the desired line. 

Talking Trunk to 3 * 1 tch^an ’ 3 otand - Peak Switchman Only. 

Two-way talking trunks are provided between the switchman’s 
stand and the trouble desk. Inasmuch as the circuit does not require 
a holding position, two trunks are associated with each key. 

Upon the lighting of the lamp the desk switchman 3 hould 
operate the key towards the lighted lamp which act will extinguish the 
lamp and connect the desk switchman’s telephone set to the circuit. 
Should the desk switchman disconnect first, the lamp will remain ex- 
tinguished . 

To call the switchman, the desk switchman should operate 
the key to its talking position and then operate the ringing key as- 
sociated with the telephone circuit, located in the row of keys above 
the piling block. 

Talking Trunk to local Test Desk - "Desk Switchman Only. 

Two-way talking trunks are nrovided between the local test 
desk and the trouble desk. Two trunks are associated with each key. 

Upon the lighting of the lamp the desk switchman should 
answer by operating the key toward the lighted lamp which act will 
extinguish the lamp and connect his telephone set to the circuit. 
Should he disconnect first, the lamp will remain extingu ished. 
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To call the local testman, the desk switchman should merely 
operate the key. 

Talking Trunk to loud Sneakers - Peak Switchman Only. 

Trunks to loud speakers are provided to enable the desk 
switchman to promptly "pick up" the floor switchman, no matter in 
what pert of the switch room he may be. This means of communication 
enables rrompt Instructions to be fflren in connection with the stop- 
page o r motor*, cordless *3" positions out of service, etc. Two 
trunks are associated with each key. *ach trunk may have connected 
to it as many as four loud sneaking receivers, located in the differ- 
ent parts of the apparatus room on the various floors. Associated 
with the loud speaker, there is a talk back transmitter so thet two- 
way communication may be carried on with the floor switchman from any 
part of the room. 

Should the desk switchman wish to communicate with the floor 
switchman he should operate the key to its talking position which con- 
nects his telephone set to the circuit. 

Talking Trunk to Supervisors - Desk Switchman Only. 

Talking trunk* to supervisors are provided to enable the 
supervisors at the cordless "B* board and - A" switchboard to report 
trouble relating to the machine switching equipment. Two trunks 
are associated with each key. 

Hpon the lighting of the lamp, the desk switchman should 
operate the key toward the lighted lamp. This act will connect his 
telephone set to the circuit and will extinguish the lamp. The lamp 
will remain extinguished should he disconnect first. 
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talking T runY tc bisl.w in viher iff ices * .^cak cxi tch^vin Inly* 

The talking trunks tc dfcska in other offices are oa e 
**code line” ba3ia, each office answering in response to its parti-* 
cul ar code ring. These trunks appear In the lex a.} test desk as 
'tell as the trouble tieeL and afford a ^uick jicano fer coiu^sunication 
between the offices cn matters relating to interoffice trunk trouble, 
etc • 

1 poii hearing the cede ring, the <5ee> switchraen should 
ewer by eperating the key tc the talking pool t ton. If the ds^k 
switchmen wiaheu to call 30 bic distant office, he should operate the 
key to ito talking position and then operate the ringing key assoc i- 
uted with the telephone circuit the revisits nunber of times to give 
the code ring. 

Talking Irunk tc -eculr Clerk - entier Monitor and Desk pitchman. 

Talking trunks to the repair clerk enable the sender Ttoni* 
tor and desk aw itchman to receive and trEnetait reports of trouble. 

T*o trunks are associated svith each key. 

Upon the lighting of the 1 amp the desk switchman should 
u^ver by operating the key to its talking position. This act will 
extinguish the luzip and connect his telephone set to the circuit. 

The laeo will remain extinguished should he disconnect first. 

If he should *ish to cull the desk owitehman, he should 
operate tho key to ^x^ talking position. 

Tiu ik to kero Operator - Sender Monitor Only. 

v/o-JTuy talking trunks to the zero operator ere provided 
to enable the sender monitor to report cases of trouble where the 
.subscriber in unable to obtain hla connection, and to enable the sere 
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operator to report trouble which appears to involve the machine 
switching equipment reported to her by subscribers. Two trunks 
are associated with each key. 

Upon the lighting of the lamp the sender monitor should 
answer by operating the key toward the lighted lamp which act will 
connect the sender monitor’s telephone set to the circuit and cause 
the lamp to be extinguished. Should the sender monitor disconnect 
first, the lamp will remain extinguished. 

If he should wish to call the zero operator, he should 
operate the key to its talking position. 

Talking Trunk to Local Station - Sender Monitor and Desk Switchman. 

Two-way talking trunks are provided between local stations 
and the trouble desk to enable the desk switchman and members of the 
maintenance force to have communication from different parts of the 
building not otherwise covered by the trunks already described, such 
as in the rest room, power room, etc. A number of local stations 
may be connected to the same circuit, in which event each one is 
called by a code ring. Two trunks are associated with each key. 

Upon the lighting of the lamp, the desk switchman should 
operate the key toward the lighted lamp, which act will connect 
the telephone set to the circuit and extinguish the lamp. If the 
sender monitor should disconnect first, the lamp will remain extin- 
guished . 

If the sender monitor wishes to call any of these stations, 
the talking key should be operated, and then the ringing key should 
be operated the requisite number of times to give the code ring. 
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Talking Trunk to Subscribers Sender Frames - Sender Monitor and 

Peak Switchman* 

This trunk enables the sender monitor and desk switchman 
to have communication with the floor switchman working about these 
frames in connection with determining the status of any equipment 
thereon, or in connection with tracing trouble. Two trunks are 
associated with each key. The circuit is one way from the frames. 

Upon the lighting of the lamp the desk switchman should 
operate the key toward the lighted lamp, which act will connect the 
telephone set to the circuit and cause the lamp to be extinguished. 
If the desk switchman should disconnect first, the lamp will remain 
extingu ished . 

Talking Trunk to Cordless W B" Sender Frames - Sender Monitor and 

Desk Switchman. 

This trunk enables the floor switchman to communicate 
with the sender monitor or desk switchman, and by means of an ex- 
tension trunk routed by way of the assistant chief operator^ desk, 
to talk with the cordless "B" operators. The key has three posi- 
tions in the following sequence; normal, talking, and transfer. 

One trunk is associated with each key. 

Upon the lighting of the lamp the desk switchman or sen- 
der monitor should operate the key to its talking position. This 
act will extinguish the lamp and connect his telephone set to the 
circuit. Should the desk switchman disconnect first, the lamp will 
remain extinguished. 

Should the floor switchman wish to talk to a cordless B 
operator, the desk switchman should operate the key to its transfer 
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position. He should then operate the key of the talking trunk to 
the assistant chief operator's desk and when the assistant chief 
operator answers instruct her to connect the extension cord at her 
desk into the desired jack to the particular cordless "B w operator’s 
headset. To have the circuit disconnected, the floor switchman 
should advise the desk switchman over one of the talking trunks from 
the switchman* 8 stand. The desk switchman in turn should instruct 
the assistant chief operator to take down the extension cord at the 
assistant chief operator's desk. 

Talking Trunk to Assistant Chief Operator - Sender Monitor and 

Desk Switchman. 

A two-way talking trunk is provided between the trouble 
desk and the assistant chief operator's desk. 

Upon the lighting of the lamp, the desk switchman should 
operate the key towards the lighted lamp which act will extinguish 
the lamp and connect his telephone set to the circuit. Should he 
disconnect first the lamp will remain extinguished. 

If he should wish to call the assistant chief operator 
he should operate the key to its talking position. 

9 . Incoming Call Circuit-Sender Monitor Only. 

An incoming call circuit from the local test desk is pro- 
vided as a means for "ordering up H test trunks. If the sender moni- 
tor i 8 busy, by reason of the operation of any of the talking keys, 
the incoming call circuit will be disconnected from his headset and 
a tone will be connected thereto, indicating to the testman that 
the sender monitor is busy. There is also associated with the cir- 
cuit a lamp which is lighted when the circuit is taken by the testman 
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at such times when the sender monitor is busy. 

The sender monitor should understand upon the lighting 
of the lamp that as 30on as practicable, all talking keys should be 
restored to normal, so that the communication from the testman may 
be received. 


10 . Auxiliary Pilots. 

Associated with all of the lamps at the trouble desk 
there are master pilots located in one panel. These master allots 
are wired so that they light in synchronism with the lighting of 
certain groups of lamps in the trouble desk. There is one master 
pilot for each of the following: - 

All the alarm pilot lamps operating with the 
A.C. alarm bell. 

All the alarm pilot lamps operating with the 
D.C . alarm bell . 

Motor stop pilot lamps. 

Motor guard pilot lamps. 

Frame busy lamps. 

Selector time alarm pilot lamps. 

Subscribers* sender lamps. 

Cordless B sender lamps. 

Plugging up circuit lamps. 

Cordless *B" emergency signal. 

Talking trunk lamps and other miscellaneous 
lamps in the trouble desk. 

These master pilot lamps serve to direct the attention 
of the sender monitor and desk switchman to the particular class of 
circuits involved. Then, by looking over the face of the trouble 
desk, the particular lamp lighted can be found. 

11 . Audible Auxiliary Alarm. 

Associated with the lighting of all lamps and audible 
signal is also received, either from an A.C. operated ringer or a 
D.C. operated gong, the more important alarms being connected to 
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the latter. The latter is permanently connected in the circuit 
while the former may be disconnected by the operation of the 
auxiliary alarm key. The circuit is arranged, however, so that 
if the sender monitor should disconnect her headset from the tele- 
phone jacks the A.C. ringer circuit would be closed. 

12. Interoffice Outgoing Trunks* 

All interoffice outgoing trunks which in this case 
are all call indicator trunks have their tip and ring conductors 
wired to a test jack located in the trouble desk in front of the 
desk switchman*?* position. There is also associated with this 
jack a make busy jack and a designation strip. 

Should the desk switchman wish to test any interoffice 
trunk, he should insert the plug of the selector test cord or volt- 
meter test cord in this jack. If he wishes to remove the inter- 
office trunk from service, he should do so by inserting a make busy 
plug in the make busy jack. 

A sufficient number of make busy plugs should be kept on 
hand, these being stored away in the pigeon holes. 

13. Emergency oignal Circuit. 

In order to obtain the prompt attention of the mainte- 
nance force in case of the failure of the machine switching equip- 
ment, fire, etc., a single stroke gong system is provided through- 
out the switchrooms under the control of a key located in the pil- 
ing block of the trouble desk known as the emergency signal key. 

By means of this key, the desk switchman can send out code signals 
thus:- One signal meaning "all men come to the trouble desk” ; two 
strokes, "fire”, etc. 
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KEY SHELF EQUIPMENT 

1 • Talking Cord - Sender Monitor. 

Description of Equipment. 

Talking cords are provided to enable the sender monitor 
to talk and supervise on subscribers’ sender circuits and plugging 
up circuits. Each circuit consists of a cord and plug (no connec- 
tions are completed) a supervisory lamp, a talking key, a flashing 
key, a coin return and coin collect key, and a coin pilot lamp. All 
of this equipment appears on the keyshelf except the coin pilot lamp 
which is located in the piling block. The circuit is arranged so 
that when answering on the intercepting side of the plugging up cir- 
cuit, no charge will be made either on calls from machine switching 
or manual offices. 

Method of Operation. 

When the sender monitor inserts the talking cord in any 
of the circuits to answer a call, the supervisory lamp is extin- 
guished if someone is on the line, otherwise it is lighted. To 
talk, the sender monitor should operate the talking key. When the 
talking cord is connected to the plugging up circuits and no one is 
found on the line, the sender monitor should endeavor to flash in 
the distant operator by means of the flashing key. When the talking 
cord is connected to the subscribers 1 coin sender jacks, and if the 
sender monitor wishes to "collect”, he should operate the "coin col- 
lect" key, and observe the coin pilot lamp, and if he should wish to 
"return" he should operate the "coin return" key, and observe the 


coin pilot lamp. 
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2. "elector Toot Cord. 

Description of equipment. 

By means of the elector teat cord the deak switchman 
Is enabled to teot the trunk conductors and equipment of trunks 
leading to call indicator office#, later, when inter-office full 
mechanical trunks are installed he will also be enabled to *nake 
tests of these. There is a set of numerical koya located in the 
keyohelf. There are seven strips of keys counting from the left 
as folio;.**: Tandem tens, tandem units, thousands, hundreds, tens, 
units, stations. The keys in each of the first six atrip of keys 
are meelmnicHlly locking and the depression of any one key auto- 
matically restores the key previously depressed. On the station* a 
atrip of keys tb° station's keys W.li.R and J together with the re- 
lease key 0 are the only ones that .ire mechanical ly locking. The 
disconnect key Disc, and the three start keys P.Sf. TAKT, and RCI on 
this strip i »re non- locking. The x*M key is the start key for calls 
completed to full mechanic a! offices. The TAH key is the start 
key for calls completed to tandem offices. The RCI key is the 
start key for calls completed to the rsnnual offices. 

The tandem keys and station keys will not be used for the 
present in Omaha. 

There is one cord and plug with vrhich is associated three 
lamps, one with a red cap, a second with a white cap, and a third 
with o green cap. The red lamp Indicates whether or not the in~ 
teroffice trunk is busy and in conjunction with the green lamp also 
indicates whether or not the distant selectors have gone to tell 
tale. The white lamp is a supervisory lamp indicating when the 
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call has been answered and when the receiver is replaced on the 
switchhook. It also indicates, when it flickers, that the dis- 
tant selectors have gone to the overflow terminals. The green 
lamp flickers during the selection period. During the trunk 
closure and the ringing period following, the green lamp is stead- 
ily lighted. A talking key is provided which enables the desk 
switchman to talk on the circuit. By means of the tewt key as- 
sociated with the voltmeter test cord the desk switchman may con- 
nect the voltmeter testing combination to the selector test cord 
circuit. 

To test trunks to F.J£. and R.C.I. office the call is 
routed to a special code number which is the same in all offices. 

In a full mechanical office this terminal on the final frame is 
wired to test permanently busy so as to transmit a "busy back flash* 
and in a RCI office the number is connected to the busy back jack 
so as to transmit a “busy back flash*. 

Method of Operation 

To test, the desk switchman should insert the plug of the 
selector test cord in the test jack of the interoffice trunk, if 
the red lamp is not lighted the trunk is not busy. If the red 
lamp is lighted the desk switchman should understand that the trunk 
is busy. By leaving the cord connected to the interoffice trunk, 
the moment that the trunk is free the red lamp will be extinguished. 

A preliminary voltmeter test (use key for this test in order 

to avoid throwing incoming selector off normal) should be made to 
determine that the trunk conductors are O.K. The desk switchman 
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should then, assuming the call is to a distant full mechanical 
office, set up the number on the numerical keys, commencing with 
the thousands digits, then with the hundreds, tens, and units. 

He should then depress the PM start key. 

As soon as selection starts, the green lamp will flicker. 
Should the green lamp flicker for an interval longer than ten 
seconds, the desk switchman should understand that the progress of 
the call had been blocked by equipment trouble of some kind. As 
soon as the green lamp changes from a flickering lamp to a steady 
lamp and the white lamp has become lighted the desk switchman should 
understand that trunk closure has taken place, as soon as connection 
is made to the special code number, the busy back flash is observed 
on the white lamp, the green lamp being entingu ished . In both 

cases the desk switchman should understand that selection has pro- 
perly taken place. 

Where a distant attended test station has been called, the 
desk switchman can communicate with the party at the test station 
and have him flash so as to determine from the lighting of the white 
lamp whether or not the supervisory equipment in the interoffice 
trunk is properly functioning. 

v ,Vhere the desk switchman encounters trouble on the distant 
machine switching equipment he should make out a trouble ticket and 
by telephone give this information to the desk switchman at the dis- 
tant office. He should then insert a make busy plug in the make 
busy jack. If necessary, he should cooperate by means of his volt- 
meter test cord in assisting the insideman or switchman of the dis- 
tant office in determining the nature of the trouble. 
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3. Voltmeter Test Cord. 

Description of Equipment. 

The voltmeter teat cord enables the desk switchman 

(1) To determine the character and approximate 

locetion of short-circuits, grounds and 
crosses ; 

(2) To measure insulation resistance; 

(3) To measure capacity of cables and condensers; 

(4) To measure foreign potentials and currents; 

(5) To ring, and 

(6) To talk. 

The equipment and circuit arrangements are very similar 
to those provided for the local test desk No. 12 and consist of a 
100-volt test battery having a 20-volt tap, a 120-volt 100,000-ohm 
volt-milameter having also a 20,000-ohm 24-volt scale, a 1000-ohm 
24-volt scale and a 4 ohm. .480-ampere scale; of three lamps, one 
a supervisory lamp with white cap, a second a busy lamp with a red 
cap, and a third a guard lamp with a green cap; of two cords with 
plugs, one at the sender monitor’s position, and one at the desk 
switchman’s position, and of the associated keys located in the 
key-shelf. The cord at the sender monitor’s position is for use 
with the plugging-up circuits and subscribers senders and that at 
the desk switchman's position for use with the interoffice trunks. 
If the cord at the sender monitor’s position, through mistake, is 
connected to a busy interoffice trunk, the tip and ring conductors 
will not be closed through. 
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Method of Operation. 

If the desk switchman wishes to connect the voltmeter 
testing combination to the selector test eord, he should operate 
the test cord key (TEST. CD). 

Should he wish to connect the voltmeter testing combina- 
tion to the cord at the sender monitor’s position, he should operate 
the sender monitor key (SPN. MON.). 

Assuming the desk switchman wishes to test an inter-office 
trunk, he should insert the plug of the voltmeter test cord in his 
position in the test jack of the interoffice trunk, and at the same 
time operate the make busy key (MB) which will cause the tip and 
ring conductors of the test circuit to be closed through if the trunk 
is not busy. If the trunk is busy under these circumstances, the 
red lamp is lighted. Should he wish to test a busy trunk, he can 
disregard the busy condition on the sleeve by operating the no test 
key (NO. T.). The desk switchman should only use this key, however, 
when he is certain that the interoffice trunk is otherwise out of 
service or if there is a make busy plug in the make busy Jack. The 
operation of the make busy key also causes the green lamp to become 
lighted and to remain lighted as long as the make busy key is operated. 

The desk switchman should then make the necessary tests by 
the manipulation of the following keys; reverse key (REV) ground key 
(0), voltmeter reverse key (VM. R2V.), foreign potential key (P. BMP.), 
ammeter key (AM.), 20,000-ohm scale key (20,Q00 W ) and 1,000-ohm scale 
key (1,0C0 W ) all as described in Specifications No. 3756 "Local Test 
Desk No. 12." 
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If the desk switchman wishes to talk, he should operate 
the talk key (T-VM), which causes his telephone set to be associated 
with the test circuit and at the same time closes through the super- 
visory relays controlling the white lamp. #hen the desk switchman 
talks through the cord at his position or through the selector test 
cord, the supervisory circuit is arranged to be operated from battery 
and ground supplied at the distant end, &b, for example, from the 
incoming selector. Tfaen the desk switchman talks over the cord at 
the sender monitor's position as on subscribers’ lines connected to 
plugging-up circuits, battery and ground are supplied to the circuit 
in the standard manner through a 25-A repeating coil for furnishing 
talking battery and for energizing the supervisory relay. In either 
case when the white lamp is lighted, it indicates that the circuit 
is open and when the white lamp is not lighted, that the circuit is 
closed . 

If the desk switchman should wish to ring a subscriber 
on a plugging-up circuit, he should operate the ringing key (RItfG). 

If the test shows that the trunk is in trouble, it should 
be removed from Bervice by inserting a make busy t>lug in the make 
busy jack. This plug does not have to be removed to make tests 
either with the selector test cord or the voltmeter test cord. 

4 • Howler Cord 

The howler cord enables the sender monitor to connect the 
graduated howler tone to a subscribers line for the purpose of at- 
tracting the subscribers attention to the fact that he has left his 
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receiver off the switchhook. By means of rotary switches under 
the control of the howler key, the graduated howler tone is con- 
nected to tne line. The howler tone goes through four cycles in 
approximately 20 seconds, when it is automat ically disconnected. 

The circuit is arrange! so that the howler tone can be connected 
to the line only when it is at its minimum intensity- 

The method of operation of this circuit is described under 
the heading Permanent Signal Trunks.** 

5 . Test Trunks from Local Test Desk 
Description of Equipment. 

The test trunks from the local test desk are provided to 
enable the local testraan to obtain access to the plugging-up circuits, 
and interoffice trunks for the purpose of making tests. These test 
trunks are located in both the sender monitor and desk switchman’s 
positions. The equipment consists of a cord with a plug, and an 
associated disconnect lamp. 

Method of Operation. 

The sender monitor should "put up" a test trunk at the re- 
quest of a local testman received by way of the incoming call circuit 
to the sender monitor’s telephone set. The local testman will assign 
the test trunk to be used, and will give the plugging up circuit num- 
ber, or interoffice trunk number. The test trunk should be taken 
down on the lighting of the disconnect lamp. Before a test trunk 
is connected to the test jack of an interoffice trunk, a make busy 
plug should be inserted in the make busy jack. The fact that a make 
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busy rlug is in the make busy jack does not interfere with the tests. 

The sender monitor should also nut up test trunks in re- 
sponse to the lighting of the red lamp of plugging up circuits as 
outlined under the heading w olugging-up circuits.” 

6 • Telephone Set Circuits 

Desk Switchman^ Positions. 

By the operation of the keys of the talking trunks to the 
talking position and by the operation of the talking keys of the test 
circuits, the telephone set is connected to these circuits. A dial 
located on the keyshelf enables the desk switchman to make calls on 
the exchange talking trunks. A ringing key is also provided which 
enables the desk switchman to ring on those talking trunks which are 
on a ring-down basis. A secondary cutout key (SKC. CO.) is provided 
which cuts out the secondary winding of the induction coil thereby 
enabling the switchman to listen on circuits without interference from 
the transmitter. The telephone circuit is arranged so as to trip 
machine ringing and to minimize clicks. 

Sender Monitor Position* 

By the operation of the keys of the talking trunks and 
permanent signal trunks to the talking positions and by the operation 
of the talking key of the talking cords, the telephone set is con- 
nected to these circuits. A secondary cutout key ( S3C . CO.) is pro- 
vided which cuts out the secondary winding of the induction coil there 
by enabling the sender monitor to listen on circuits without any in- 
terference ^rom the transmitter. When the sender monitor^ position 
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1 3 vacated a contact on the operator’s jacks causes the A- C. 
alarm bell circuit to become closed. The circuit is arranged to 
trip machine ringing and to minimize clicks both when answering 
and when flashing* 


7 . Electric Clocks: 

A 1-A Electric clock is provided which enables the desk 
switchman and the sender monitor to have a means for timing the 
reporting and clearing of trouble on trouble tickets. 
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DIVISION B 

PULL MKCilANICAL OJPICISS 

Section VI - Plant Beaks and Method of Operation 

b - LOCAL TK.VT DBSK 

General 

In a machine switching office, the local te3tmen hare 
practically the same functions to perform in maintaining the 
wire plant — both subscriber’s lines and trunks -- as in a 
manually operated office and should, therefore, be governed in 
general by the instructions and routines at present in force. 

Such differences in practice as are necessary are pointed out 
in the subsequent paragraphs of this section. 

To enable the testmen to carry out their functions, 
the local test desk Ho. 12 with modifications is provided, yor 
a description and method of operation of this desk reference 
should be made to specification Ho. 3756. The modifications con- 
sist principally in 

(1) the means provided for obtaining testing 
access to the subscriber’s lines and trunks, 

(2) the means provided for dialing on talking 
trunks to the final frame, 

(3) the means provided for testing subscriber’s 
dials. 

In general, by means of the facilities in the test desk 
the testmen can make certain that all new, changed, moved or 
disconnected substations, together with the line conductors 
up the intermediate frame, are in proper working order; 
that all trunk conductors up to the main distributing frame 
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are in proper working order; and that all connections at cable 
terminals, cable cros 3 connection boxes, main distributing frames 
and intermediate distributing frames are in accordance with the 
assigned circuit numbers as shown on the records. In connection 
with reported trouble, the testmen are enabled to advise the out- 
side repair men of the nature and approximate location of the 
trouble and when it is cleared to make certain that the circuit 
and equipment is in proper working order. 

Generally speaking, all trouble on subscriber* s line 
circuits inside of the intermediate distributing frame and all 
trouble on trunk oircuits inside of the main distributing frame 
should be looked after by the switchn en, the reports of the 
trouble being handled at the trouble desk. Reports of trouble 
on subscriber’s lines and trunks are received by the repair clerk 
direct from subscribers, from zero operators, or from the trouble 
desk. The local testmen receive all these reports of trouble 
from the repair clerk. 
ffqu ipment : 


Briefly, in the local test d©3k there are provided: - 

1. Test Trunks to special incoming selectors, to 
the trouble desk and to the zero operator, or if 
there are no test trunks to the zero operator, 
t© 3 1 trunks from district or office frames, each 
represented by: 


A designation strip 
A test jack 

A supervisory lamp (^hite cap) 
A busy lamp ( red cap) 

A disconnect key (non-locking 


) 

) Multipled in 
) all positions. 

; 


2 


Test Trunks to head of toll switchboard, each 
represented by: 
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A designation strip ) 

A test jack ) Multipled in 

A "busy lamp (red cap) ) all positions. 

A disconnect key ( non-locking) ) 


3. Test Trunks to foot of special "A" switchboard 
and to foot of toll switchboard, each repre- 
sented by: 

A designation strip ) Multipled in 
A test jack ) all positions. 

A busy lamp (red cap) ) 

4. Test Trunks to the M. D. P. f each represented by: 


A designation strip ) 

A jack (listening ) Individual to 

A jack (line side) ) each position. 

A jack (office side) ) 


5. Talking Trunks to final frames, chief operator, 
trouble desk, toll board and local stations, 
each represented by: 

A key ) Multipled in 

A lamp (white cap) ) all positions. 

6. Talking trunks to te st desks in distant offices 
and to bridge on other trunks requiring common 
battery supervision, each represented by: 

A key ) Multipled in 

all positions. 

7. Auxiliary circuit and buzzer, represented by: 

A key (test trunk buzzer) ) 

A buzzer ) Common to 

A key ( talking trunk buzzer) Test Desk 

A buzzer ) 


8. Test circuit for each position represented by: 


A cord with plug (primary) 

A cord with plug (secondary) 

A cord with plug (sounder) 

A sounder 

A supervisory lamp (white cap) 

A guard lamp (green cap) 

A supervisory lamp (white cap) 

A sender guard lamp (green cap) 
A generator trip lamp (red cap) 


( primary) 

( pr imary) 

( secondary) 

i secondary) 
secondary) 
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A lamp (white cap) (sender) 

A lamp ( gree^ cap) 

A set of numerical keys 
A set of test keys 
A volt milammeter 
A variable rheostat 
A rheostat key 

A revolving key (line insulation breakdown test) 
A revolving key (graduated howler) 

A dial testing device 

9. Telephone circuit for each position represented by: 

Jacks for receiver 
A transmitter (suspended) 

A ringing key 
A flashing key 
A dial 

A telephone transfer key 

10. Call circuits each represented by: 

A key ) Multipled in all positions. 

11. Electric Clock. 



Method of Operation 

General. All ‘•out of order* subscriber's lines due to 
short circuits or grounds, causing permanent signals, are generally 
discovered by the sender monitor, who after having attempted to 
have receivers off the hook replaced by means of the howler, but 
failing, reports these cases to the repair clerk, giving among 
other information the assigned plugging up circuit number. When 
the trouble card reaches the testraan, he should have the frame 
man "put up" at once the assigned plugging up circuit in the ar- 
resters of the subscriber’s line out of order. When a testman 
discovers a subscriber’s line "out of order" because of an "open" 
so as to effect all parties theron, he should have the subscriber’s 
line connected to a plugging up circuit, the plugging up circuit 
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assignment to be obtained from the sender monitor. As soon as an 
"out of order" subscriber’s line tests O.K., the testman should 
request the frame man to disconnect the plugging up circuit. The 
testman then should test the subscriber’s line oyer one of the test 
trunks to the special incoming test electors. If the line tests 
O.K. the subscriber 3hould be rung, and told that the line is O.K. 

Coin box subscriber’s lines "out of order" because of 
grounds on the tip are generally discovered by the sender monitor 
who reports them to the repair clerk giving among other informa- 
tion, the assigned plugging up circuit number which will be one 
from the group set aside for coin box lines only. When the 
trouble card reaches the testman he should have the frame man 
"put up" at once the assigned plugging up circuit in the arresters 
of the coin box subscriber’s line. As soon as the line tests 
O.K. the testman should request the frame man to disconnect the 
plugging up circuit. The testman should then test the line over 
one of the test trunks to the special incoming selectors. If the 
line tests O.K. the subscriber should be rung (if an attended pay 
station) and told that the line is O.K. The subscriber should also 
be requested to take down the "out of order" sign which he may have 
hung on the telephone at the request of the sender monitor. 

When a testman receives a trouble card from the repair 
clerk indicating a permanent signal on a P.B.X. trunk, he should 
understand that the P.B.X. trunk is connected to one of the 
permanent signal trunks at the trouble desk, and that in order to 
test the P.B.X. trunk a test connection will have to be establish- 
ed at the main distributing frame. The test connection at the main 
distributing frame should not be allowed to be connected up longer 
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than is necessary to make the test since the opening of the sub- 
scriber’s line will cause the signal on the permanent signal trunk to 
"come in", thereby possibly confusing the sender monitor. Whenever 
the sender minitor reports that a "flicker" signal is obtained up- 
on a permanent signal trunk to which a P.B.X. trunk is connected, 
the testman should understand that the trouble causing the per- 
manent signal is probably removed. He then again should have estab- 
lished a test connection at the main distributing frame and if the 
test9 corroborate the fact that the P.B.X. trunk is clear, and as 
soon as the frame man has disconnected the test connection, the test- 
man should vat once advise the sender monitor that the line is 0 # K. 
giving the permanent signal trunk number, whereupon the latter will 
cause the permanent signal trunk to be disconnected, thereby restoring 
the P.B.X. trunk to service. 

Test Trunk to Special Incoming Selector. The test trunk 
to the special incoming selector enables the testman to obtain a 
clear tip and ring connection to any subscriber’s line through the 
final selectors. To obtain this test connection he should insert 
the plug of either the primary or secondary test cords in the test 
jack and then set up the number of the subscriber’s line on the 
numerical keys as is described more fully later on. 

As soon as the plug is inserted in the test jack the red 
busy lamp is lighted and irrespective of whether or not the test cord 
is allowed to remain in the test jack, remains lighted until the dis- 
connect key is depressed. After connection with the desired line 
has been obtained the testman can withdraw the plug without 
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disturbing the connection* If after withdrawing the plug a repair 
man working on the line should wish to call back the testman, he 
can do so by connecting across the line his head set, thereby caus- 
ing the white supervisory lamp to flash. This lamp is extinguished 
when the testman answers. 

fhen the testman has completed his tests on the line, he 
should depress the disconnect key which restores all apparatus to 
normal. The disconnect key functions whether or not the plug of 
the test cord is in tho te3t jack. 

Test Trunk to Zero Operator. By means of the test trunk 
to the xero operator an outside repair man or installer is enabled 
to have set up directly a clear tip and ring test connection to the 
local test desk. To obtain this test connection the outside repair 
man or installer dials the zero operator. When the zero operator 
answers, he merely says “Local test desk*. By this phrase the 
zero operator understands that the plug of the cord of one of the 
test trunks is to be connected to the jack on the circuit which she 
has just answered. This act causes the white supervisory and red 
busy lamps at the test desk to flash. In response to the flashing 
of the red busy lamp, which indicates an incoming call, the testman 
should insert the plug of one of the test cords in the test jack, 
whereupon the supervisory lamp is extinguished and the red busy 
lamp is steadily lighted. Irrespective of whether or not the test 
cord is allowed to remain connected to the test trunk, the red busy 
lamp remains lighted until the disconnect key is depressed. 

The testman can withdraw the plug at any time without dis- 
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turbing the connection. If after withdrawing the plug the repair 
man working on the line should wish to recall the testman he can 
do so by connecting across the line his head set, thereby causing 
the white supervisory lamp to flash. This lamp is extinguished 
when the testman answers. 

The testman oan "order up" over the call circuit to the 
zero operator a teat trunk into those circuits that appear at the 
zero operator* 3 position, such as the various local trunks from 
the district frames or the outgoing trunks to distant offices. 

As soon a3 the plug of a test cord is inserted in the jack, the 
red busy lamp is steadily lighted and remains lighted until the 
disconnect key is depressed; otherwise the white supervisory lamp 
and red busy lamp function as described in the preceding paragraphs. 

When the testman has completed his tests on the line, he 
should depress the disconnect key which act causes the disconnect 
lamp at the zero operator’s position to become lighted. Then the 
zero operator disconnects the red busy limp is extinguished. 

Test Trunk from District or Office Frame. The preferred 
method for having outside repairmen and installers obtain test con- 
nections with the test desk is by means of test trunks from the 
district or office frames. These circuits, if not ready at the 
time if cut-over will be installed thereafter a3 soon as possible. 

In this case the outside repairmen or installer, instead of dialing 
the zero operator, dials the code 51. This will establish, through a 
district selector (in the operators position of the district se- 
quence switch^ a clear tip and ring test connection to the test 
desk. In response to the flashing of the red lamp, which indicates 
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an incoming call, the testman should insert the plug of one of the 
test cords in the teat jack, whereupon the red lamp becomes stead- 
ily lighted thus serving as a busy signal. Irrespective of whether 
or not the test cord i3 allowed to remain connected to the test 
trunk, the red busy lamp remains lighted until the disconnect key 
is depressed. 

The testman can withdraw the plug at any time without 
disturbing the connection. If, after withdrawing the plug the re- 
pairman working on the line should wish to recall the teotman, he 
can do so by connecting across the line his head set, thereby caus- 
ing the white supervisory lamp to flash. This lamp is extinguished 
when the testman answers. 

When the testman has completed his test on the line, he 
should depress the disconnect key which act causes the test trunk 
from the district or office frame to be restored to normal. 

lest Trunk to the Trouble Desk. The test trunk to the 
trouble desk enables the testman to test "out of order" subscriber’s 
lines connected to the plugging up circuits and the cable conductors 
of interoffice trunks. This test trunk may be "put up" at the 
trouble desk by the sender monitor in response to the request of 
a repair man working on an "out of order" subscriber’s line, or 
without any specif ic request if the sender monitor, on answering 
the signals on the plugging up circuits except those in the coin 
box group, finds a subscriber or no one on the line. The test 
trunk may also be "put up" by the sender monitor at the request of 
a testman. 

When the test trunk is "put up" by the sender monitor, 
not at the request of a testman, the red busy lamp at the test 
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desk flashes, and the white supervisory lamp flashes if a repair 
man or an equivalent short circuit or ground is on the subscriber’s 
line. The flashing of the red busy lamp indicates an incoming call. 
The testman should insert the plug of a test cord in the test jack, 
which act causes the white supervisory limp to be extinguished and 
lighted, irrespective of whether or not the test cord is allowed 
to remain connected to the test trunk, until the disconnect key is 
depressed. The testman can withdraw the plug at any time without 
disturbing the connection. If after withdrawing the plug a repair 
man working on the line should wish to recall the testman, he can 
do so by connecting across the line his head set, thereby causing 
the white supervisory lamp to flash. This lamp is extinguished 
when the testman answers. 

In those oases where the sender monitor connects a test 
trunk to a subscriber’s line on which there i3 no one (the sender 
monitor has instructions if a subscriber is on a plugging up cir- 
cuit to advise him to hang up and that the testman will call him 
when his line is clears , it is necessary for the testman to "go in" 
on the call circuit to the sender monitor and ascertain the number 
of the plugging up circuit connected to the particular test trunk. 

By an examination of the trouble cards on the test desk the testman 
will be able to identify the particular subscriber’s line, and if 
it tests G.K., to ring the subscriber and advise him of this fact. 

A testman can order up a test trunk at the trouble desk 
by going in on the call circuit to the sender monitor and saying 
"Test trunk No. on plugging up circuit No. ", or "test 

trunk Ho. on Trunk Ho. ", meaning in the latter case an 

inter-office trunk. The testman should note that the jacks on 
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the inter-office trunks at the trouble desk afford a convenient 
means for obtaining access to the cable conductors and should be 
used in preference to setting up a test connection at the main 
distributing frame. As soon as the testman inserts the plug of 
a test cord in the test trunk, the red busy lamp is steadily 
lighted and remains lighted until the disconnect key is depressed; 
otherwise the operation of the signals is the same as that des- 
cribed in the preceding paragraphs. 

When the testman has completed his tests, he should de- 
press the disconnect key, which aot causes the disconnect lamp at 
the sender monitor’s position to become lighted. When the sender 
monitor disconnects, the red busy lamp is extinguished. 

Te3t Trunks to Head of Toll Switchboard. There is no new 
feature in this test trunk and reference should be mada therefore 
to Specification Ho. 3756 "Method of Operation - Local Test Desk 
Ho. 12". 

Test Trunk to ffoot of Special "A" Switchboard and to goot 
of Toll Switchboard. There is no new feature in this test trunk 
and reference should be made, therefore, to Specification Ho. 3756 
"Method of Operation - Local Test Desk Ho. 12". 

Test Trunk to M.D.g. There is no new feature in this test 
trunk and reference should be made, therefore, to Specification 
Ho. 3756 "Method of Operation - Local Test Desk Ho. 12". 

Talking Trunks to Final frames, Chief Operator, Trouble 
Desk, Toll Switchboard and Local Stations . The principal feature 
wherein these talking trunks differ from those described in 
Specification Ho. 3756 - "Method of Operation - Local Test Beak 
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No. 12*, consists in the use of a key of the lever type, having 
three positions in the following sequence - normal - talking - 
holding. By means of ths arrangement the possibility of giving 
false disconnects to the machine switching equipment is passing 
from the talking to the holding position is eliminated. 

Talking to Teat Desks in Distant uffices and to Bridge 
on other Trunks requiring Common Battery Supervision. 

There is no new feature in these talking trunks and refer- 
ence should be made, therefore, to Specification No. 3756 "Method 
of Operation - Local Test Desk No. 12". 

Auxiliary Circuit and Buzzer: There is no new feature in 

the auxiliary circuit and reference should be made, therefore, to 
Specification No. 3756 "Method of Operation - Local Test Desk No. 12". 

Test Circuit. The test circuit consisting of its component 
parts, the primary test circuit, the secondary test circuit, and 
the sounder test circuit is essentially the same as that in the 
local test desk No. 12 and reference therefore for the "method of 
operation" should be made to Specification No. 3756 "Method of Op- 
eration - Local Test Desk No. 12". However, there are certain mod- 
ifications as follows: 

1. Provision of means for setting up a clear tip 
and ring test connection to any subscriber’s 
line at the final frames over the special in- 
coming test selectors. 

2. Provision of means for testing subscriber’s 
dials. 

3. The omission of means for testing the 
third wire. 

1. For obtaining a test connection to a subscriber’s line 
over the special incoming test selectors there is provided a set 
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of numerical keys consisting of five strips of mechanically lock- 
ing keys arranged to be automatically released when selection is 
completed. These keys control the common sender equipment. Count- 
ing from the left there is one atrip of keys for the thousands dig- 
its, one for the hundreds digits, one for the tens digits, one for 
the units digits and one for the start keys. One set of start keys 
is provided for the primary test cord and another set for the se- 
condary test cord. In each set there are two keys, - one PST or 
SST, arranged to start the selection having regard for a busy 
condition on the subscriber’s line, and the other PNT or SHT dis- 
regarding a busy condition on the subscriber’s line, that is, the 
latter are start - NO TB3T key3. 

The circuit is arranged so that the common sender equip- 
ment is associated with only one test oord at a time. It is asso- 
ciated with the primary test cord if the primary test cord is "up" 
and the primary start key is operated, and with the secondary test 
cord if the secondary test cord is "up" and the secondary start key 
is operated. The sender remains associated with the test cord un- 
til the trunk to the called line is closed. During the interval that 
the sender is associated with a test cord, a green guard lamp which 
is associated with each test cord is lighted. Associated with the 
common sender equipment for indicating the progress of selection, 
a green sender lamp is provided which flickers as soon a3 one of 
the start keys is depressed and continues to flicker until selec- 
tion is completed, whereupon it becomes steadily lighted and re- 
mains lighted until the trunk to the called line is closed. At 
the same time that the green sender lamp is steadily lighted, the 
numerical keys are released. A white sender lamp is provided which 
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flickers if the 3oecial incoming selector or the final selector 
should go to overflow or telltale positions during the process of 
selection. 

To set up a test connection the testman should insert 
the plug of a test cord, say the primary test cord, into the 
teat jack of the test trunk to the special incoming selector. 

He should then set up the number on the numerical keys, starting 
with the thousands digits, then the hundreds, then the tens and 
then the units. He should next depress the start key PST or PUT, 
the latter if he wishes to ignore the busy condition on the sub- 
scriber’s line. Aa soon as the start key is depressed the green 
guard lamp associated with the primary test cord is steadily light- 
ed and the green sender lamp flickers. The latter flickers until 
selection is completed, whereupon it is steadily lighted until the 
trunk to the called line is closed. tfhen this takes place, both 
the green guard lamp and the green sender lamp are extinguished. 

If the white sender lamp flickers at the same time that the green 
sender lamp flickers, the testman should understand that the spec- 
ial incoming selector or final selector hft<i go^S to overflow or 
telltale positions. If the green sender lamp flickers for an inter- 
val longer than ten seconds, the testman 3 hould understand that se- 
lection is blocked, r/hen these two lamps are extinguished, the 
testman should understand that the sender is restored to normal. 

ihe sender may be restored to normal if the te3t plug is 
in the test jack when the disconnect key associated with the test 
trunk is depressed. It may also be restored to normal by withdraw- 
ing the plug of the test cord from the test jack, but this act will 
not restore the incoming selector or final selector to normal. 
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2. The No. 50 -A dial tester is provided for testing the 
speed of dials. The timing feature in this instrument is a torsional 
pendulum, consisting of an iron disk supported on a piano wire, which 
is under tension between an upper and a lower support. On the 
periphery of the disk, a row of teeth is provided, with which a 
pawl engages to hold the disk in its starting position, and subse- 
quently to stop the disk after the dial has transmitted the tenth 
pulse. On the periphery of the disk, there is also a scale, which is 
calibrated to indicate the speed of the dial in terms of pulses per 
second. The instrument is adapted to teit the speed of the dial only 
when ten pulses are transmitted, that i 3 , when the number * zero * io 
dialed. A handle projects through the lower part of the instrument, 
which when moved to its extreme left-hand position ’•winds up” the 
pendulum, and seta it in its starting position, 3ince no restoring 
spring is attached to the handle, it must be restored to normal 
before the dial tester will function. 

Associated with the pendulum, forming partB of the dial 
tester, are two special 3 type magnets. One of these magnets is 
known as the "stop* magnet. To its armature there is attached a pawl, 
which when the magnet not operated is adapted to engage the teeth of 
the periphery of the disk, so aa to hold the disk in its starting 
position, and subsequently to stop the disk after the tenth pulse 
has been transmitted. The other magnet io known as the ‘•stepper* 
magnet. To its armature there is attached a pawl which is adapted 
to engage with a ratchet whee e, so as to cause a commutator to be 
rotated. This commutator is so designed that when the tenth pulse 
has been sent ( and the tenth pulse only) a circuit is opened, so 
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as to release the "stop" magnet. In brief the first pulse starts 
the pendulum the tenth pulse stops it, and the pendulum measures the 
time required to send 10 pulses, being calibrated to express this 
time in pulses per second. The stepper magnet is under the control 
of a pulse relay, which is not a part, however, of the dial tester. 

The pulse relay and its associated equipment is located 
in the rear of the test desk, and the type of this relay and the 
circuit arrangement is similar to that employed in the senders. 

The dial tester is associated with the secondary test circuit through 
the operation of the dial test key (D.T.). The supervisory lsmp oif . 
the secondary test circuit is wired so that it is responsive to the 
switchhook when the dial test key (D.T.) is operated. The dial tester 
is located on the front of the test desk just to the right of the 
right-hand jack panel. In this position, the scale can readily be 
obser\ed, and the operating lever can be readily manipulated. 

Dials on all new substations should be tested for speed 
of operation. The test man will also be called upon to check the 
speed of dials which have been in operation when they are suspected 
of being either too fast or too slow. The test man should understand 
that the dials should meet the requirements: eight pulses per second 
minimum and eleven pulses per second maximum. If the test is made in 
conjunction with an installer or repairman at the substation, and the 
dial does not fall within the above speed limits, the test man 
should endeavor to have the repairman readjust the dial so that on 
testing it a second or third time, it falls within the limits of 
9-1/2 pulses minimum and 10-1/2 pulses maximum. 

To test the dial (previous tests having indicated that the 
line is free of shorts, grounds or other trouble that might interfere 
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with the correct transmission of the dial pulses), the test man 
should first throw the lever of the dial tester from its extreme 
right-hand or normal position to its extreme left-hand or start 
position and then back again to its normal position. He should t)um 
operate the dial teat key (D.T.) associated with the secondary . / 
test circuit, thereby connecting the dial tester to the line under 
test. As soon as this is done, the trouble man at the substation 
will hear the usual dial tone. In no case should he operate the 
dial until he does hear this dial tone. Upon hearing the dial tone, 
the trouble man should dial the number zero. As soon as the first 
pulse is transmitted, the torsional pendulum will be released and 
start to revolve. It will continue to revolve until the tenth pulse 
is transmitted, each of the ten pulses causing the "stepper* magnet 
to turn the commutator one notch. Then the tenth pulse is trans- 
mitted, a circuit is opened through the coimnutator, so as to cause 
the release of the "stop" magnet, which on releasing, , causes the 
pendulum to stop. The test man should then read from the scale the 
speed of the dial. If it is Q.K., he should advise the repairman 
accordingly. If not, he should tell the repairman whether the dial 
is too fast or too slow, and approximately how many points fast or 
slow. 

In working with the repairman, the test man should under- 
stand that the correct adjustment of the dial should be obtained in 
one or two trials. 

The test man should avoid jarring the dial tester or the 
desk while the pendulum is in motion. To do so, is apt to oause the 
dial tester to give an incorrect reading. 
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To check the timing feature of the torsional pendulum, the 
operating lever should be moved to its start position and back again. 
The tip and ring conductors of the secondary te.it circuit should 
then be temporarily short-circuited by means of a wire at the plug 
of the secondary test cord. The dial test key (D. T. ) should then be 
operated. \ T ext, the temporary short circuit should be removed from 
the plug and at the same time, the swings of the pendulum to and fro 
should be counted. There should be fifty such swings (from left to 
right i3 one 3wing, right to left a second swing, etc.) in 90 sec- 
onds + 1 second, as timed by a stop watch. If the pendulum is either 
too fast or too slow, this may be corrected by removing the cover 
and turning the speed adjusting screw on the disk in the direction 
marked *7" in order to make it faster, and in the direction marked 
"S" in order to make it slower. The timing feature should be checked 
monthly. 

3. No arrangements are made for controlling or testing the 
third wire of subscriber’s lines. All trouble affecting the third 
wire should be handled by a switchman. 

If a testman wishes to identify a subscriber’s line which 
he has picked up over one of the special incoming test selectors, 
he can do so by having the frame man meet him on the circuit at the 
main frame. If they meet the circuit is properly crossconnected. 

He can also test the crossconnec tion for reversal by having the 
frame man "ground" say the ring side of the circuit at the arresters. 
The te3tman should not ring subscriber’s bells for the purpose of 
identifying lines. 
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The testman, by way of a test trunk to the special incom- 
ing selector, can identify the line switch number connected to a 
subscriber’s line by requesting the frame man to meet him on the 
circuit at the vertical side of the intermediate distributing frame. 

If they meet, the circuits are properly cross connected. He can also 
test the cross connection for reversal by having the frameraan ’•ground' 1 
say the ring side of the circuit at the terminal strip. To take 
advantage of the battery and ground from the line relay for pur- 
pose of checking cross connections at the main and intermediate dis- 
tributing frames, the testman should set up a test connection at the 
main distributing frame. 

"There outside repair men or installers are connected to 
the test desk over a test trunk to the zero oper ator, or from the 
district or office frames, the testman can check the cross connec- 
tions by '•picking up* the same subscriber’s line byway of a teat 
trunk to the special incoming test selector. If the number, and 
cross connections, are correct, the testman should be able to meet 
the outside repair man or installer over the latter test connection. 

Where the outside repair man or installer does not know the 
number of the line or if it develops that his information regarding the 
number is incorrect through errors in cable pair assignments, records, 
or cross-connections, he should dial the code assigned for this purpose 
which will connect him to one of the permanent signal trunks which 
terminate at the trouble desk. The sender monitor will then have the 
line traced in the manner as described in section VI-B, *Plant Desks and 
Method of Operation*. 
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Telephone Circuit, 

The telephone circuit is practically the sane as that pro- 
vided for the local test desk No. 12 and for the method of operation, 
therefore, reference should be made to Specification No. 3756. A 
dial, however, is provided to enable the testman to reach any sub- 
scribers line over the talking trunks to the final frames. Having 
operated the talking key to its talking position, the testman should 
dial the desired number, whereupon the connection will be established. 

Call Circuits. 

See Specif ication No. 3756. 

Electric Slock. 

See Specification No. 3756. 
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Section VI - Plant Desks and Method of Operation 

C REPAIR CLSRK’ S DSSK 


General : 

The repair clerk in a machine switching office has orac- 
tically the came functions to perform as regards receiving reports 
of trouble affecting the wire plant and noting it on the trouble 
cards as in a manually operated office and should, therefore, be 
governed in general by the instructions and routines at present 
in force. Such differences in practice as are necessary are 
pointed out in the subsequent paragraphs of this section. 

To enable the repair clerk to carry out her functions 
the repair clerk’s desk No, I, is provided, Por a description of 
the method of operation of this desk reference should be made 
to G.3.C. Ho. 893. 

Description of Equipment : 

Briefly, in the repair clerk’s desk there are provided: 

1, Talking trunkB, each represented by: 

A key 

A lamp (white cap) 

2, A telephone circuit represented by: 

Telephone Jacks (for head receiver 
and transmitter) 


A dial 
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A ringing key 
A flashing key 
A buzzer 

3. A talking trunk transfer circuit represented by 

A transfer key 

4. An electric clock 

Talking trunks are provided to the: 

1. Pinal frame (two v;ay) 

2. Zero operator (two way) 

3. Trouble desk (two way) 

4. Office frame (incoming only) 

Method of Operation : 

In general the repair clerk will receive over the talking 
trunks to the repair clerk* s desk all reports of trouble affect- 
ing the wire plant both subscribers* lines and trunks and should 
note such reports of trouble directly on the trouble cards pro- 
vided for each circuit or unit of equipment. The repair clerk 
will receive reports of trouble from subscribers directly, from 
zero operators, from the trouble desk attendants in the same or 
distant offices, and from the repair clerks of other offices. All 
reports of trouble which appear to involve machine switching 
equipment should be forwarded by the repair clerk to the desk 
switchman of the office concerned. 

When a subscriber reports th»t he i* unable to get his 
party or that he gets wrong numbers, the repair clerk should 
attempt to ascertain whether the trouble is due to a defective 


Bulletin Ho, 17 


-3- 






BIT. b 

Sec, VI .c Plant Desks 

1 ^ 1/20 

Douglas & Tyler, Omaha. 

dial, and should do bo hy asking such questions as: "Does the 
dial seem to work properly?," "Does it stick?," or, "Are any Darts 
badly bent or broken?" If a subscriber reports that the dial is not 
working properly the repair clerk should attempt to ascertain 
whether or not it is some mechanical defect. After such informa- 
tion is obtained it should be noted by some suitable code on 
the tremble card. 

"Out of order" subscribers* lines having permanent signals 
are to be held at the trouble desk for a short interval during 
which an attempt is tc be mede by the sender monitor to have re- 
ceivers off the hook replaced through the use of the howler. 

Should the sender monitor fail he will report the case to the repair 
clerk giving among other information the number of the plugging-up 
circuit to be used. The repair clerk should understand that this 
plugging-up circuit number should be entered on the trouble card 
of the "out of order" subscriber’s line. She will then pass the 
card to the test desk man, who will have the assigned plugging-up cir- 
cuit put up on the particular "out of order" subscribers’ line. 

The talking trunks are key ended on keys of the lever 
ty~oe having three positions in the following sequence: Normal, 

Talking and Holding, This sequence eliminates the possibility of 
giving a false disconnect to the machine switching equipment in 
passing from the talking to the holding position on the talking 
trunks to the final frame and to the office frame. A lamp with 
a white cap is associated with each trunk. 

The telephone circuit is provided with a dial which 
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enables the repair clerk to make outgoing calls on the talking trunks 
to the final frame to transmit reports of trouble to the repair clerks 
of other offices concerned and to be called by other offices. By 
means of the trunks to the office frame the subscribers are enabled 
to report trouble to the repair clerk. The subscribers will be 
instructed to dial the reoair clerk by means of a code number. The 
talking trunks to the zero operators enable them to report such cases 
of trouble as are brought to their attention by subscribers. The 
trunks to the trouble desk enable the repair clerk to report to that 
desk such cases of trouble as appear to affect the machine switching 
equipment. 

A ringing key is provided, but as none of the talking 
trunks are on a ring down basis it will not be needed. A flashing 
key is provided which enables the repair clerk to flash on the 
talking trunks to the zero operator or to the trouble desk. 

A 1-A electric clock is provided by means of which ths 
repair clerk should time all reports of trouble. 

./hen the repair clerk’s desk is not occupied, as after 
closing hours, the transfer key should be operated which transfers 
to the trouble desK certain of the talking trunks tu the office 
frame. A buzzer key is provided , which, when operated, causes the 
buzzer to sound in synchronism with the lighting of any of the 
lamps associated with the talking trunks. 

Upon the lighting of the lamp of a talking trunk the re- 
pair clerk should operate the associated *ey to its talking position. 
This act will cause the lamp to be extinguished and to remain 
extinguished even if the repair clerk should disconnect first, and 
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the telephone circuit to he connected to the trunk. If the repair 
clerk should wish to hold the talking trunk as in the case of those 
talking trunks to the final fra:*© and to the office frame the key 
should he operated to its holding position. In order to disconnect 
the key should he restored to its normal position. To make a call 
the repair clerk should operate the key to its talking position, and 
if it is on a trunk to the final frame should dial the number de- 


sired 
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DIVISION B 

PULL MECHANICAL OFFICES 

Section VI - Plant Desks and Method of Operation 

d CHIJa? S7ITCHAIAN 1 S DJ8SK 


General : 

The chief switchman’s desk is intended for the person 
who has general superrision of the machine switching equipment, 
this person Being generally known as the chief switchman. In 
smaller offices, the organization may he such that the wire chief 
may perform the chief switchman’s functions. 

Description of Equipment : 

The chief switchman’s desk consists of a turret mounted 
on a single pedestal desk. The telephone equipment is mounted 
in the turret and consists of - 

1. Talking trunks, each represented by: 

A key 

A lamp (white cap) 

2. A telephone circuit, represented by: 

A desk s tand with transmitter 
and receiver 

A dial 

A key (ringing) 

A key (transmitter battery). 

Talking trunks are provided to the: 
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1 . Pinal frame 


2. Official hoard 


3. Switchman * b stand 


Hultipled 


Local test desk 


in the 


5. Repair clerk’s desk 


Trouble Desk 


6. Complaint desk ) 

7. Local stations J 

8. Loud speakers ) 

9. Assistant, chief operator ) 

The talking trunks at the chief switchmans desk are a 


multiple of those appearing in the trouble desk and, besides enabling 
the attendants at the trouble desk to carry on their duties, these 
trunks enable the chief switchman to keep in supervisory touch 
with all of the maintenance force. The trunks are key- ended on 
keys of the lever type having three positions. The keys for the 
trunks to the final frai .© and official board, requiring a holding 
position and arranged one trunk per key, have the three positions 
in the following sequence: Normal, talking, holding. The keys 
for all the other trunks not requiring the holding position and 
arranged two trunks per key have the three positions in the 
following sequence: Trunk No. 1, normal, trunk No. 2. The se- 
quence arrangement of the keys for the trunks to the final frame 
and official beard eliminates the possibility of giving a falBt 
disconnect to the machine switching equipment in passing from the 
talking to the holding position. 

For the trunks, one per key, the associated lamp is 
located above the key and for the trunks, two per key, the lamp* 
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are located one above and one Belov the key. 

The telephone circuit is arranged to trip machine ringing 
and to minimize clicks. A ringing key is provided By means of which 
ringing current can Be connected to those talking trunks operated 
on a ringdown Basis. Battery for energising the transmitter is 
normally disconnected But it may Be connected thereto By means of the 
transmitter Battery key. 

Method of Operation : 

Since the trunks in the chief switchman 1 s desk are merely 
a multiple of those appearing in the trouble desk, the signals will 
Be answered usually By the attendants at the latter. 

Should the chief switchman wish to answer any call upon the 
lighting of a lamp, he should operate the associated key to its talk- 
ing position which act will cause the lamp to Be extinguished and the 
telephone circuit to Be connected to the trunk. If the chief switch- 
man should disconnect first, the lamp will not Be relighted. Should 
the chief switchman wish to "hold* a trunk to the final frame or of- 
ficial Board, he should operate the key to its holding position. 

If the chief switchman wishes to make an outgoing call, he 
should operate the key to its talking position. Por those talking 
trunks which are on a ringdown Basis, that is, those to the switchman 1 s 
stand and to the local stations, he should operate the ringing key and. 
in addition, ring the requisite number of times if the trunk is opera- 
ted on a code ring Basis. 

If he wishes to make a call over one of the talking trunks 
to the final frame, he should operate the dial the requisite number 
of times as required By the desired number. 
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Disconnection is made in all cases By restoring the keys 
to their nornal positions. 
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DIVIBICK B 

PULI IOSCHaMICAL CSTICBS 

Section VI - Plant I-egks and Method of Operation 

e SWITCiauUT’S STAI3) 


General : 

The switchman* b stand 1 b intended for the floor switchman 
whose duty it is to run down troubles on machine switching equipment 
and to respond to the various alarms on the floor alarm hoard. 
Description of Equipment s 

The switchman* a stand consists of a single pedestal desk 
provided with a sma?.l key cabinet located on the side of the desk. 
The telephone equipment consists of 

1* Talking trunks, each represented hy 
A key 
A ringer 

2. A telephone circuit represented hy 

A desk stand with transmitter 
and receiver 

A ringing key 

Talking trunks are provided to the: 

1. Trouble desk 

2. Other switchmen* s stands 

3. Between the various frames (does not appear 

at switchman* s stand) 

By means of the talking trunks at the switchman’s stand 
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the floor switchman is enabled to coorinunicate with the attendants 
at the trouble desk and with the other floor switchmen in connection 
with receiving and transmitting reports of trouble and information 
relating thereto. A talking trunk is also provided which runs be- 
tween the various frames on each floor but does not appear at the 
swi tollman's stand or any other desk. This talking trunk enables 
the various floor switchmen to communicate one with the other in 
connection with tracing trouble on the various parts of the machine 
switching equipment. 

The trunks at the switchman's stand are key-ended on keys 
of the meohanically locking type. By depressing the key of one 
talking trunk it is mechanically locked in the talking position 
while any other of the talking keys which may have been depressed 
is automatically released. The ringing key for the telephone 
circuit is mounted in the same key cabinet with the talking keys 
but i s non-locking. 

The talking trunk extending between the various frames 
consists simply of a telephone circuit with no signaling equipment; 
the transmitter and receiver jacks, being multipled so as to appear 
at all of the frames on the floor. 

Method of Operation: 

Incoming calls on the talking trunks to the switchman's 
stand are indicated by the ringing of a bell. The talking trunk 
to other switchmen's stands is on a code-ring basis and the floor 
switchman should only respond when he recognizes his code ring. 

To nswer a call the floor switchman should depress the associated 
key in the k^y cabinet which act connects the talking trunk to 
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the telephone set. To disconnect the floor switchman should replace 
the receirer on the switch hook of the desk stand. 

If the floor switchman wishes to call the trouble desk he 
should depress the talking key associated with the talking trunk 
to the trouble desk. If he wishes to call some other floor 
switchman he should depress the key associated with the talking 
.trunk to the switchmen 9 s stands and then depress the ringing key 
the necessary number of times to giro the code ring. 

To use the talking trunk running between the various 
frames the floor switchmen should connect their head sets into 
the jacks at the frames. For getting the floor switchmen "connected 
in" on this circuit arrangements should be made verbally or over the 
talking trunks to other floor switchmen 9 s stands. 
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DIVISION B 

PULL MECHANICAL QPFICB 

Scotion VI - Plant Peeks and Method of Operation 

f FLOOR ALARM BlAKD 


General ; 

The equipment on the floor alarm board provides an 
audible and visual meane for attracting the attention of the 
floor switchman to the fact that certain parte of the machine 
switching equipment on the floor (other than power equipment) 
have become inoperative. The floor switchman should understand 
that these alarms may come in when the apparatus is in its noiroal 
position as well as when it is in its off normal position, and 
that the same trouble may bring in other alarms and especially, 
after the lapse of approximately one half minute, indications on 
the sender lamps at the trouble desk. Alarms should be attended 
to promptly in order to maintain the best servioe and to avoid 
duplicate reports of trouble. 

Description of Equipment : 

The floor alarm board consists of one or more bays of 
iron work on which are mounted the alarm pilot lamps and bells 
and their associated equipment. The floor alarm board 1 b usually 
located near the switchman 1 s stand and centrally with respect to 
the location of the apparatus in the switch room. On the floor 
where the trouble desk is located no floor alarm board is provided 
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since the equipment is located in the trouble desk. 

Alarm pilot lampB are provided which indicate: 

1. When the fuses are blown on 

Line switch test leads 
Subscriber’s district selectors 
Office selectors 
Incoming selectors 
Final selectors 
Subscriber’s senders 
Cordless "B" incoming selectors 
Cordless "B** key control circuits 
Cordless "B" allotters 
Cordless "B" link units 
Cordless "B* senders 

Line switches 

Repeating coils, subscriber’s district selectors 
Repeating coils, incoming selectors 
Repeating coils, cordless "B # incoming selectors 
Miscellaneous 24 and 48 volt battery bus bars 

Tones 

Ringing 

Coin connection 
Distributing fuse panel 

2. When the machine switching apparatus is 

blocked at such stages of progress when the 
sender does not give an alarm or that an 
operator does not receive an indication 
of the trouble. For these cases there 
are provided. 

Subscriber’s district selector time alarm 
Final selector time alarm 
Line switch alarm 

3. When any drive motor stops on 

Subscriber’s district frames 
Office frames 
Incoming frames 
Subscriber’s sender frames 
Cordless H B M sender frames 

4. When any subscriber’s district frame "make busy” 

key is operated. Bach alarm circuit is repre- 
sented by 
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A designation strip 
A lamp (white or red cap) 

A lamp (motor stop alarm only, white cap) 

A key (motor stop alarm only, locking) 

An A. C. ringer (common to groups 1 and 2 above) 

A D. C. gong (group 3 above) 

Method of Ope ratio n : 

On the sounding of either the A.C. ringer or D.C. gong 
the floor switchman should at once take aotion to clear the trouble 
or abnormal condition as described in Section VII "Method of Hand- 
ling Trouble"; and, as soon as this has been done he should report 
the oa 3 e by telephone to the desk switchman giving such facts as 
the nature of the trouble or abnormal condition, the cause thereof, 
if found* and the action taken, this information to be entered by 
the desk switchman in the log book kept for that purpose. 

Unless the floor switchman notices the lighting of any 
of the aisle pilot lamps associated with certain of the fuse alarm 
and selector time alarm circuits, or has received specific instructions 
from the desk sw i t chirm n, he should go at once in response to the 
sounding of the alarm bells first to the floor alarm board and from 
the designation strip associated with the lighted alarm pilot ascer- 
tain the location of the particular equipment in trouble. In con- 
nection with the stopping of a drive motor he should understand that 
the key associated with the lighted red lamp should be operated. 

This act will cause the red lamp to become extinguished and the 
associated white lamp to become lighted. As soon as he has the 
motor again running, the red and white lamps will be lighted. He 
should then return to the floor alarm board and restore the key 
which act will extinguish both the red and white lamps. 
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On all other alarm circuits as scon as the trouble or 
abnormal condition is remcired, the lamp is extinguished. 
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£ bust nur/s - agLAT call indicator truhks 


Gene ral: 

In call indicator offices the trunks incoming from full 
mechanical offices are usually so distributed among the call 
indicator positions that atnight or times of light load certain 
positions nay be put cut of service without blocking calls from 
any office. Prevision is made eo that the call indicator positions 
can be made busy individually by scans of a key at the call indicator 
position. 

The ordinary use for this equipment Kill be when it is de- 
sired to vacate call Indicator positions for traffic reasons. 
Occasionally, however, it may be found necessary to use this make 
busy feature when a position becomes out of order and cannot be re- 
stored to service by the use of the emergency call indicator equipment. 
It will a! bo be used when routine tests of the trunks are to be made. 

However, while this make busy feature is provided at all 
positions there may be one position - the night position - where 
the cost of the necessary cable conductors required by the ma3xe 
buey feature more than offsets the traffic and maintenance advantages. 
In this event the moke busy key will not be connected up, so that if 
the position becomes out of order and cannot be promptly restored or 
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a routine test is to he made on the trunks it will "be necessary to 
hare the maintenance men in the machine switching offices insert 
make busy plugs in the make busy jacks at the outgoing end of each 
of the trunks to the affected call indicator position. 

Description of Equipment : 

The make busy frame is located in the machine switching 
office usually near the trouble desk. 

It contains a sequence switch for each relay call indicator 
position which is to be made busy. 

At the relay call indicator position a key engraved M B is 
provided mounted in the face of the switchboard above the multiple. 

A pair of conductors lead from this key to the corresponding make 
busy sequence switch or sequence switches. 

Method of Operation : 

The making busy of trunks to the relay call indicator pos- 
itions is under control of the traffic force in the manual office. 

When a supervisor desires to put a position out of service 
she will operate the 1£ B key at that position. The operation of this 
key will operate the sequence switch or sequence switches at the 
originating offices and will cause all of the trunks terminating in 
the position to test busy. 

When it is desired to place this position back into service 
the supervisor will do so by restoring the M B key. 

When the key at the relay call indicator position is oper- 
ated the corresponding sequence switch or sequence switches are 
caused to take up positions to place grounds on the sleeve wires of 
all of the trunks extending to that particular position thus making 
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them test busy* When the supervisor restores the key to normal the 
sequence switch or sequence switches are caused to he restored to 
normal thereby removing the grounds. 

Should the supervisor find it necessary to operate the 
M B key on account of position trouble she will immediate notify 
the wire chief of the action taken. 

If any position is not equipped with a M B key, this will 
usually be only the night position,- the desk switchman in the 
various machine switching offices should be notified (by the wire 
chief if the position is out of service, and by the maintenance man, 
if a routine test is to be made on the trunks) so that they can make 
the trunks to this particular position busy by inserting make busy 
plugs in the make busy jacks associated with the outgoing end of each 
of these trunks. 

The maintenance force in the machine switching office has 
no action to take in connection with the operation of the make busy 
sequence switches except to see that they function properly and 
that trouble discovered in them is promptly cleared* 
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This section de^crib^s the work of th# switchmen and 
helpers In clearing troubles reported to ther. fro® all sources. 

In general, a large fart of this work will be done cy 
helpers out during the busy hours, the svitohmen will le called up- 
on to ao work that could uc none oy helpers* therefore, in describ- 
ing tr.e action to oe taxer. on the various trouol**s 9 the term "tracer" 
will te usra and will be assumed to u^ply to a switchman or helper* 

A tracer sill usually receive hio orders from the trouole 
desk, ana they will be of the following principal kinds: 

(I) Tracing permanent Signals* 

(«0 Tracing Stuck Senders* (Subscriber'll Senders*) 

(3) Tracing stuck Senders (a Operators' Positions) 

(4) Tracing Stuck Senders* (Cordless Senders*) 

(5) Restoring Cordless H B* Positions to Service* 

(6) Tracing District Selector Time Alarms* 

(7) Tracing Pinal Selector Time Alarms* 

(6) Tracing Line Switch Alarms* 

(9) Replacing Blown Khars* 

(10) Kotor Stop Alarms* 

(II) Restoring Selectors to Bonsai and Clearing Trouble* 
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The following deecribco how the tracer hendles e*ch of the above 
kinds of trouble; 

( l) T r r* c 1 r t \ jc rr.r. rent :’l i r,l8 

!Jpcn receiving information rc^r ic^ a ^craanent si^nul 
fro® tie sender ’monitor, the truce r ohould firot go to the particu- 
lar district fra e or f ranee, and uy obuervii g the particular die* 
triot selector connected to tf*o ,ar Ucalor ^mnei»t signal trank 
t rcainele, ottaln the mister of the district selector# In soae 
onscs the tracer ht re to inspect a nuot* r of district frames 
should the pr mi.ei* v ai.oial trank seised be one of those sr.ultipl**d 
to several ustrict franca# At tinea of oa-le failures the tracer, 
in running uovn a permanent ui mil su.y note thst all -jemt;er, t sig- 
nal inu-its ere occupied, and also that there are some district se- 
lectors on the overflow tominal of the p«rxar.en t si^n&l trank group# 
If suck a condition is encountered the tracer should make note of 
the district selectors, end if additional help has not b-ten aceigned 
to help in tracing, he should immediately cell the dea* switchman 
ana ask for assistance# 

Having ootnined the BU«orr of the district selector in- 
volved, tfce traoer ahculd obtain froa the clutch »f irking, the nuss- 
cer of the line switch fra.-e or fra&ee to which the particular dis- 
trict selector is cabled. Having a o turned this informa tion he should 
take to the particular line switch fr&N the special h^&u act re- 
quired for identifying the line connected to the district selector 
in ju^stion# This heau set conslolu of e head receiver to »r ^oh is 
attached two 3 iri&le conductor circle, one of which U rminutee in » 
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suspenaer clip and t* e oth*r of which tersin*; te o in a special testing 
pick, and a two-condutor cord which is terminated in a plug# This 
plug should be commoted to the tone j ck tro/ided ft t the line switch 
f racw • The tracer should then connect the rj spender clip to the tip 
lug on the district Trarno terminal strip to which the particular dis- 
trict selector is ended and should run over *-ith t e pick the tip 
lu f *s of the t •rwinml stripe to ~h*ch are cabled all of the brushes 
of the line switches which h^ve access to the particular group of 20 
district selectors of w v ich the particular district selector in ques- 
tion is one# In going over these tip luge one will te found to whioh 
tone is connected# Prom the mi no c ring on the t ,; r?cinal strip the 
tracer cm obtm tie lir^ switch number, and. with the aid of the 
cross-connection records, the subscriber 1 s line number (or ntmters if 
the line ie e. >-arty lino)# If the line ie one of a F#£#X# group he 
should obtain the number of the first line of the croup# This in- 
fo ration should then be reported by tele; hone to the sender ssonitor# 

(2) Tracim: Ttuck renders 

( daoscribr r * s Jend^rs ) 

"Stuck lender" troubles reported to the tracers will be 
of three kinds# 

The first will be those where u subscriber fails to get a 
connection due to trouble in the sender or sosae one of the selectors 
but which Ooeo not prevent hira fro» freeing his line fros the con- 
nection when he har.>*s up# These troubles will reported simply as 
•Stuck Senders"# 
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The second kina *111 be those where the subscriber ffcile to 
£et e connection and from which he Is unable to release his line by 
hie otto efforts or with the aid of the sender monitor* These troubles 
will be reported kb "Stuck Senders* "Cant’t Disconnect * • 

The third kind will occur only «*h rre o In senders ore used 
and some trouble oemrs which ; rewents the collection or return of 
the coin* These troubles •sill be re orted ns "Stuck Coir Sender* 
•Can’t Return Coin*, or "Cfin’t Collect Coin"* 

" ituok Ser lore" 

«hen the tracer receives » trouble ticket *arke d"Stuck 
Sender", he sh^il proceed to the sender involved, as noted on the 
ticket, end secure the following information ty Inspection of the 


sender and 

enter it or* 

the 

ticket* 

(*> 

Ideation of 

the 

Ola so sequence switch* 

(b) 

m * 

« 

:$er*der * * 

(e) 

* * 

« 

Impulse r * * 

U) 

m m 

• 

H* C* (Register Control) Rotary Switch 

(«) 

n m 

n 

A Register 

(r) 

n m 

«* 

B Resist ^r 

(*) 

m n 

w 

TH Register* 

(») 

m n 

m 

H Register* 

(i) 

♦ « 

« 

T Register* 

(J) 

* m 

« 

TJ Register* 

U) 

u n 

« 

Translator Switch* 

(1) 

iThen the sender 
position of 

is krrnbged for coir, collect the 
the coin switch ehall be no tea* 

(«) 

lumbers of 

counting relays operated* 
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The next etep will tc for the tracer to determine what dis- 
trict selector is attached to tfe stuok ecv<4«r. The appr^rr tua used 
for tMi purpose in counted *t U* sender selector frames ar.a con- 
sists of » nun.er of stepping s-itche*. On the arc* of thews step, 
pin.; switches appear the 3C lends of the district selector* e On# 
stepping switch is oniatlf of c ring for 120 diotriat selectors, i?o 
that ir» case, for ex**9ple, 240 district ae Sectors have access to * 
group of 22 serdrrs, t^o stepping e« itches per group of 240 district* 
will suffice. The tracer will, therefore, consult a t*ble to deter- 
mine the nunter of the group of special ateppin ; switches h. ving access 
to the district selectors which acccsr* to the stuck sender, ho 

will thereupon prase a key associated with the otep ; . in^ switches in 
cue at ion ai>c these rill ?s»ve around until e. district selector ??itfc a 
solid round on its C.C. Iasi is encountered. A set of six lamps 
will he associate.: with the stepping switches for in ien t i fyin? the 
stepper brushes sr«d ^y Trading these Isinps and the positions of the 
stepping switch trochee, & ohart nounted at the frame will ive hi® 
the mister of the district selector involved,. 

In order to mice sure that there sre no other stuck senders 
in the £roup the tracer oust c«u«e the switches to tsst over all the 
3*C« leads. If wore than one district is encountered in the group, 
having t aoli i ground on its £• C. lead it will be necessary for the 
tracer to make not f of these district selectors and fraat r»WB«r» and 
then go to the ae?jder selector frames and find which uietrict selector 
is connected to the sender he is tracing. Due to the slip in the sail- 
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tiple between sender selectors it will be necessary for the tracer to 
consult a Qh':rt, showing the position of the leads to the senders, on 
the particular sender selector involved* 

The following information found ty inspection of the dis- 
trict shall be entered on the trouble ticket: 

(a) District ?rawe and Selector dumber* 

(b) losition of Diotrict Je<ni trice Switch* 

(c) it'umucr of Multiple brush Tripled* 

(d) Humber of Office Selector or Trunk (obtained ty reading 

the rncjt number and consulting the r*ul tiple bank card*) 

Should the district selector te found in » telltale position, or 
there be any other in client ion tbrtt the trouble is confined to any 
equipment that has been inspected, the tr cer, provided he is compe- 
tent to clet.r the trouble shell proceed to do so, and if not, he shall 
return the ticket immediately to the desk switchman* 

Should the trunk, selected by the district, lend to an of- 
fice selector, the tracer ohnli either proceed to the office frur^a or 
forward the ticket to a tracer * t the office frames* 

At the office the tracer shall by inspection, ascertain 

and enter the following information on the trouble ticket: 

(s) Office Fr&p^e and Elector Sunder* 

(b) Position of Office oS'ttience Switch* 

(o) Euaber of Multiple Brush Tripped* 

(d) Humber of Trunk and Destination* 
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If no evidence as to the cctuse of the trouble has been dis- 
co veroci up to this point, <.ni select. on has progressed beyond office 
□election, the tracer shall trace the con> action to the other selectors 
involved and secure and enter on the trouble ticket, information 
of the sa-ne jcind, as that determine! troa his exocsin* t ion of the dia- 
trlct end olice selector*. 

After tracing the connection, if the cause of the trouble 
is not apparent, the tracer should return to the district 0 * lector 
and release t w c connection by restoring the district seouence switch 
to cor»?l by band. Tho ticket should then oc returned to the trouble 
desk. 

Before releasing a connection, however, the tracer should 
study the ticket infor-ation carefully to raike sure an actual trouble 
condition has not been overlooked. Helpers, unless they ».r* t>io rough- 
ly familiar vith all conditions, should first cons'll t an experienced 
sritohn&n tefure releasing a connection* in order to guard * gainst 
releasing urx actual trouble condition. 

Should the tracer fin a h t^o-*ire inco&ing t rink involved 
in c connection, *nd in a selecting position* he should before re- 
leasing the CQ nnection, place the incoming sequence switch in a talk* 
ing position, so ea to ^uard against leaving the selector off norts&l 
vhen the district selector is restored to normal* 

The entire connect -or. any be released fro a the incoming 
i*nu thus avoid returning to the district by turning the in cocing into 
?os. 9 by hand. Should the sequence switch, aft»*r rtuitorinj: to norml, 
ia^jedib tely , take up another stuck netting ecrc it to poa. 9 again and if 



m 
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it aoc a not novo out of pus. 9 raove it by hand to talking position, 
return to tho uietrict c\nd release the connection by raoring the dis- 
triet sequence switch to poa* 18 by hand# 

~?hile making observations of the positions of the various 
pi^o^s of apparatus* the tracer should check each reading against 
all previous reading# as O e positions ot the sequence switches or 
oondition of certain relays **y indicate or ^ive hiw n clue to the 
location and nature of the trouble. *br exaJiple, to take a simple 
-aye; suppose the sender sequence switch is in position 6, and the 
class eecrjenoe switch is in position 7 and that the stepping relay 
ia not operated. These suiter. s*ttin s are for office brush selec- 
tion on c fall moch&nlosl o^ll. The readings therefore inuic^te that 
the fan mental circuit va8 not closed after the cistrict selector 
haa found a trunk to ai R oflico selector. The tracer then goes to tbo 
district franc and finds the district sequenoe switch in position 10 
with the C. l. t S# L. and D. relays operated and the selector on a 
trank to an office selector* doing to the office fr*?se the tracer 
finds the office selector at no real. By those indications the tracer 
will know that the trouble is probably due to tut open trunk to the 
office selector or a contact trouble in the district or office select- 
or. 

The tracer can then determine if the trouble is due to an 
open office selector trunk by teat in,; for battery and ground on the 
rin>; and tip multiple brushes of the district selector. If one or 
both sides of the trunk are open the tracer will then repeat the 
test f ro^ the teat jack of the office selector, and if the test shows 
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O* Km from this point he will know that the trunk is open between the 
dintriot Treves »nd the office fra-e • 

Taking another once, suppose, **b before, that the sender 
1 8 in position 6 t class r gister in position 7, the stepping; relay 
is energised and thr.t Ko • 2 counting r*l ty is operated; these read* 
inge indicate th/it for some reason or other office brush selection 
has felled to take pl*ce. doing to the district frame the trooer finds 
the district seleator sequence switch in position 10 with the C* I*, 

S* L. and l). relays operated and the selector on a trunk to an office 
selector, doing next to the office fra^jea the tracer finds the office 
selector sequence switch in position 2 with L relay operated and the 
office selector at normal* ^ith these conditions the up drive magnet 
should be operateu. The tracer will, therefore, examine the clutch 
and if the up arive r&gnet is not energised he will teat for trouble 
in the circuit from the line relay through the sequence switch contact 
to the up drive i-agnet* If the up drive magnet when first examined 
is energised the tracer should examine the selector for snagging 
brushes and the up drive armature for binding* 

On rtany tickets the evidence secured does not point defin- 
itely to s trouble* These tickets, however, will bo checked careful- 
ly by the de3k switchrs&n when they are returned by the tracer to 
catch repeated failures on particular pieces of apparatus* 

"Stqcj> 4s>.-i<;re" - "Can't Uiaooniicqt-"-. 

When the tracer receives a "Stuok Sender" ticket marked 
"CJan’t -Disconnect * , he will proceed to the line switch noted on the 
ticket, determine whet district selector is involved and thee operate 


I 
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the lino switch manually so that the calling subscriber can &ake 
calls* 

The tracer shall proceed to the district to which the line 
switch was connected and enter on the ticket the following in for nation 
by inspection of the diatrlot: 

(a) Position of District Sequence Switch* 

(b) Sumber of Multiple Brush tripped* 

(c) Number of Terminal or hack* 

(d) Number of Office Selector or Trunk* 

(e) Check Number of .Render Selected by the Sender Selector* 
Headings of the office and sender equipment shall also be 

wade as explained above* 

* Stuck Join .Anders" * "Can’t .etc turn Join* or 

"Can't oiled Coin". 

3hen the tracer receives a trouble ticket aarked "Stuck 
Coin Sender" "C&n't Collect Coin" or "Can't Keturo Coin* he shall pro- 
ceed to the sender and enter on the ticket the following information 


inspection of the 

sender: 


(a) 

To sit ion 

of Sender 

Sequence Switch* 

(b) 

i* 

* Class 

■n * 

(o) 

m 

* Coin Sequence Switch* 

(4) 

Condition 

of C. C. 

Helay • 


The tracer shall then proceed to locate t£e district select- 
or associate a with the sender in question* TC3t switches for identi- 
fying district selectors are not provided on the coin senders* In 
order to find the district selector involved, it will be necessary 
for the tracer to go to the coin district f raise and look for a ee- 
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ouenoe switch in position 10 or so?* position preceding position 10* 
Should the tracer fine more than one district selector in a ©electing 
position, it will be necessary for him to check the sender selector® 
associated with each selector in a selecting position, in order to 
identify the particular selector he is looking for* After identify- 
ing the selector the tracer shall enter on the ticket the seauenoe 
switch, readings and the condition of the C. H. relay. 

If it is apparent that the sender or district selector is 
at fuult the tracer ahull immediately clour the trouble. If it ap- 
pears th&t the trouble is due to a line trouble and the sender moni- 
tor has not been successful in getting the subscribe r* e line number, 
the tracer shell then go to the line switch frame ana locate the 
line, as deocrioed under permanent signals. After the sue scricer* s 
line has been located the ticket shall be returned to the desk switch- 
man. 

(3) Tracing Stucj* Jendera ( "A* Operators* ioflitiong) 

As the subscribers* senders are used by the operators in 
making call 3 the method of tracing stuck senders from the "A® posi- 
tions will be the come ta for ''stuck senders* from subscribers. 

(4) Tree in Jtuck ^naers 

( Cordless SendercO 

Ordinarily, a report of a cordless "Stuck Sender" will be 
given to s switchman for investigation, as & report of this nature 
would only be given out after repeated failures of © particular send- 
er indicating that an actual trouble existed in the sender. Hiring 
the rush hour© cases of this kind should not be given out, unless a 
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number ot then develop, hut should be held until the rush ie over 
end then given to a switchman* The switch^n upon receiving a report 
of this kind should go to the sender fr^fie, and mke a test or* the 
particular sender, clear the trouble, and return the ticket to the 
Desk Switchman* 

ffhen a tracer receives a report "Stuck .lender* *C*in f t Dis- 
connect 11 ( 10 oit ion not tied up) he should first go to the sender 
fr*r.e ana fill in the following information from an inspection of the 
sender in trouble* 

(a) xofcitlon of Sender iSeoue*?ee 3*1 teh* 

(b) Number o of Counting Relays Operated* 

(q) Register delays Operated. 

The tr«cf r, *ft?r these readings aro o-^de, should then 
check the condition of the cordless sender selector, and fill in the 
following information: 

(a) Position of Sequence Switch*' 

Terminal Kumber or Rack Number of Trunk Finder* 

* * * * * * Sender Belector* 


(b) 

(e) 


Note:- Beading a (b) and (o) are necessary in order to 
emke sure the sender number and cordless in cow- 
in $j trunk nuEter correspond to the numbers given 
on the trouble ticket* A chart mounted on the 
cordless selector frame must be consulted to check 
the location of gender terminals on each sender se- 
lector bank* 

Should the indications point to a trouble in the sender se- 
lector circuit the tracer should operate the sake busy key ana take 
the sender selector out of service and proceed to dear the trouble* 
If this ie not the case the tracer shou d then proceed to the incom- 
ing frame find fill in the following information by inspecting the in- 
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coming selector. 

(b) losition of Ge-ruence Switch. 

(b) Number of Eruch Tripped. 

. (c) Number of Final Selector or TTn-Fquipped Choice Trunk. 

If the trouble loot tre in the eordl tso incoming selector 
the tracer 3 hf.ll clour the trouble, restore the selector to service, 
fill in the cause of the trouble on the trouble ticket and return the 
trouble ticket to the deck switchman. 

(5) Hector in,-- Uorolcec *i>« positions to Service. 

When the ueok switchman receives a report frore « cordless 
•B" supervisor aevising that the "keys -sill not release* or the *keys 
rill not stay dovn", he should at once send a tracer to the cordless 
*h* position affecled, and another tracer to the sender apparatus 
fra 'ue # 

The tracer sent to the cordleca *B* position should make an 
inspection of the recording keys, and if the trouble ia not due to 
any isechBnical defect he shall wait for about two minutes in order to 
give the tracer *t the apparatus fra ire time to s^ake his inspection. 

If, at the end of this time the trouble still exists, the tracer shall 
place t*e set of emergency key 3 in service. If thxs does not relieve 
the condition, the emergency key a aay be removed and the regular set 
again placed in service. The tracer should then go to the apparatus 
fra&e tz assist the tracer sent to that point. 

The tracer at the apparatus frarre should first note the po- 
sitions of nil sender selector sequence switches, if the trouble is 
caused by tie failure of a sender selector, the tracer shall throw 
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the associated m?*ke busy key, and note that the allotter see.uenoe 
nr it eh i7K>ve& to a po&ition to allot the next sender selector# 

If the trouble is caused by failure of the key control cir- 
cuit, the tn»ccr shall disconnect the faulty circuit from the sender 
selectors and iro» the k*y circuit, and replace it ty connecting in 
another key control circuit from an unoccupied position# In making 
this change, the tracer should ce careful to put into service a cir- 
cuit of the ssi oe kind as the one taaen out of service# *or example, 
if on *A* key control circuit it* in trouble it should oe replaced by 
ter. "A* circuit, likewise ir a *B* circuit is in trouble it should be 
replaced, oy a "B* circuit# 

If the trouble is caused by u failure in the allotter cir- 
cuit, the tracer shall remove the connecting plug fron. the regular 
Jock and insert it in the trouble jack# This will place the allott- 
ing of the sender selectors on both sides of the fraie und^r the con- 
trol of the allottcr loft in service# 

If the trouble is caused by the failure of a senaer, the 
tracer shall raake the sender busy by inserting a rsaks busy plu^ in 
the nuke busy jnck of the sender and, if necessary, he shsli restore 
the senior selector sequence switch to the awaiting assignment position 
by hand# 

(*.>) rr>»cinf Y Jialrict Selector 

rime Alarms 

The District Tine Alarm is attached to the district se- 
lectors end operates aft^r an interval of 1 to 1-1 #2 minutes if any 
of the following conditions obtain: 
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1# District Sequence Switch fails to taore out of position 2, 
or the oemicr selector f*<ils to pick a. sender# 

2# District Seouence Switch fails to more out of 
position 17 following registration# 

3# Calling oubscriuer f^lls tc hang up ©ft*r the called 

p**rty hr s hung up# 

4# District 3eauej;oe ntitoh fails to mo re out of position 1» 
TTpon receiving infor mation regarding the District Time 
Alarm. from the de»vk switchman or upnn having his attention directed 
to the condition ly the audible alarm or a lamp signal at the floor 
alarm board, the tracer shall proceed to the district fr*j«e where the 
district selector is located aid check the position** of all the se- 
quence switches off normal to nee if there arc any in positions 2 or 
17# 

If a sequence switch is found in position 2 the tracer 
shall insert a district make busy plug in the caake uusy Jack of the 
©elector ana remove the relay cover, and insert a toothpick b&ck of 
the 31 relay armature to prevent its releasing* The D relay should 
then be pushed down for a so«?rit to allow the subscriber 1 s line switch 
to rele&ne fror. the district# This rcill allow the subscr ib«?r f 3 line 
switch to pick a new district selector and at the antse time the trouble 
co r# 4ition will not be lost and can afterward be located and cleared# 

If the sequence switch is found in position 17, having 
failed to more* out of this position following registration, the trac- 
er aheil i ss&jie the selector busy with a district «rx-ke busy plug md 
release IY e CH relay by hand, which will retire the time alarm signal* 
In so cioin^, the trouble condition win be held and can afterward be 
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located ana cleared* 

should the alaru be cnyised ty the feilxre of a calling sub- 
scriber to hang ip. & 1 tr r the called subscriber ha a hung up, the trac- 
er shell proceed to look for a selector in r talking position (12 or 
13) with it e CS r^lry released and Jh relay operatea* In order to lo- 
ante the particular oelector censing the alarm it *ill be nece^oery 
for the tracer to remove the relay aov?re (of the relays Eero dated 
with all sequence switches in & talking position) one at a tine. until 
thia condition ia found* After locating the selector, the tracer 
should restore the uooucnca switch nor ml by hand* This will re- 
lease the collie? subscriber* a line from the district selector and al- 
low it to sick another district, consequently, bringing the condition 
to the attention of the sender unitor na ti perannent signal. 

Should the slarrs le due to the failure of the district to 
«*>vo out of position 1. the tracer should first look for n sequence 
switch with it» cl wagnet energlred as the trouble a& y be due to a 
slipping ar if'; plute* If this i** not the case, he should then reisov* 
the relay covers, one at a time, of all district selectors in position 
1, until a selector is found with its iVL and CB rel&ys operated* The 
selector should thee be mde busy with 0 district n&vke busy plug, and 
the T bettor outer contact of the sequence switch should be opened 
momentarily in order to fro* th*? subscriber * 0 line switch* 

^rhen clearing trouble on u district selector the switchman 
should tj>k" pr?ooution $0 insure giiinnt possible interference with 
the senders* On the non-coin senders a toothpick should be inserted 
in the buzzer contact of the sender selector* and the T3T and FH leads 
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to the sender selector should un in^ilotrd from their respective' se- 
quence switch err:.©. On coin send* rc the opening of the buzzer con- 
tact of U e ©end- r selector Trill prevent the operation of the relays 
which cut through the leads to the Gender selectors, thus insuring 
against any mt rtVrence with the senders* 

So work should be done on district selectors by th© appara- 
tus n or cleaners, without first requesting the Chief switchman to 
have Ire apparatus taken out of aci vice and protected as described in 
the foregoing paragraph* 

( 7) Ir cin,: Pinal Selector Time Alarms 
The final selector tl#j& alarm is attached to t* e final se- 
lectors end o^rstes &e follows; 

Aft'-r & conversation hws b^en completed and the calling sub- 
scriber disconnects, if the called 8ubucrib'?r fails to disconnect, the 
ulam ia brought in after a suitable interval* 

This signal may also ooc sionally be brought in by troubles 
which produce the same efiect on the mechanism as would be produced 
by failure of the called party to disconnect* 

Upon receiving notification from the desk, aw it oh man or upon 
having his attention attracted oy the audible al^rtr or lamp si gnal at 
the floor ularw board, the tracer shall proceed to the final frame 
where the final selector involved is located and look for a sequence 
switch in position 16* All final eeouenc© switches will have their 
lnaioator w ^ele marked with a red strip© in position 16 to enable the 
tracer to locate an alarm of this sort quickly. After locating the se- 
lector in Question, the tracer ©hall restore the sequence ©witch to 
nornal by hand* This will free the line, and allow the 8ua scriorr* a 
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line switch to pick a senior and eventually Brins? the trouble to the 
attention of the oer.dei !nonitor ns a ermanent signal* 

(o) Tracirr: Line Switch Al^ngs 
The line switch oltirr io attached to the second contact of 
the D. 3. area of all line switches for the purpose of giving an Alarm 
should the D. S. leed or D. S. urunh of any line switch become grounded. 

?hen a tracer is notified by the desk switchman or oy the 
sounding of the alarm r>t the floor alarm board, of a line switch nlr^rm 
he should go ns quickly no ^oscicle to the group of line switches in 
vhich ti e line switch in trouble io located, ana after locating the 
particulr switch esuoinsr the alar"?, plnce a toothpick in its buzzer 
contact to stop its bunting. The switch causing the alurz ctn be lo- 
cate! quickly, as it «ill be hu rating continuously with an erratic 
motion • 

After stopping the switch the tracer should then release 
the dietrict selector to which the switch has made connection. This 
he shall proceed to do by first placing a toothpick in the line relay 
to prevent it operating; and then release the cutoff relay by opening 
it© locking contact. The tracer should then go to the floor alarm 
bo&ru, and operate the key ae^ocifited with t ie silsrsn lsr.p and retire 
the alarm signal. A line switch trouble should be cleared at once. 

If the trouble is of ouch nature ns to require the replacement of the 
switch, the tracer should at once notify the desk ©witchaan who will 
order the line put up on a plugging *>P line or else h re the line 
temporarily cross-connected to another line switch. 
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( 9) Had sin;: Blown ftjses 
The tracer# should at all occasions »t the sounding of a 
d#c# or a»c# alnrci at the floor alnr? board take note of the pilot 
lamp lifted and proceed to the apparatus frame indicated by the lasip# 
All fu 30 Jttltr*# should recei ve prompt attention but thoee from ihe 
die trices and senders should bn given preference if it so happen# that 
more than on alarns cornea in at V a BK~.e instant# 

The following describes the action to be taken with regard 
to repl^cin * fusee in the various aircuito# 

•j# Line S-*it;h Vent Leads# 

Ten district selector# are affected by one fuse and, there* 
fore, the fuse should oe r»‘pl»ced as quickly as possible# After re* 
placing a fuse the tracer should call the des^ switchman and .give him 
the numbers of the district selectors involved and, if possible, the 
cause of the trouble. 
fc# Ji strict Selectors. 

In responding to a fuse altrm from a district frame, the 
tracer, after loo&tins the district eeleoto r, should first remove 
the blown fuse to retire the ulanr. and then notp the position of the 
sequence switch , the^ numb r of the multiple brush tripped and the 
rack number, iJhould the district be in a oelectini; beyond position 
and in contact with b trunk le, ding to a selector which cannot return 
to normal from n selecting position, the connection should be traced. 
Should the tracer find the selector to which the district has made con- 
nection in a selecting position, he should move its associated sequence 
switch to u talking position# If this selector he# also extended the 
connection tc a selector which cannot restore from n selecting position. 
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he should tr ce connection to this selector and move it* nsaoei*t- 
ed sequence switch into * talking position* After dicing aura th**.t all 
selectors involved in the train are -rotected against being left off 
norioil, he should return to the district and reset the district Mul- 
tiple brush, thus releasing the other selectors in the t«<»in. 

i'he tracer should then teat the fuse terminal and, if the 
test shows clear, he should "o vc* the sequels* switch to a talking 
position »r.d repl-oe the fuse* 

Should the te*t show that the trouble w>. ich caused the fuse 
to bio* still exists, the tracer, provided he is competent, should 
clear the trouble# 

If the fuse has blown *hile the selector w: c in the talking 
position, it will not be necessary to trace the connection. The trac- 
er should, however, test as before and take such action as this test 
indio; te« • 

After caring for the alara the tracer should call the desk 
svitchrssn and ^ive hits the details of the trouble. 
c. GT* ice Selector:-. 

In responding to a fuse alarm from an office fra • the trac- 
er, otter Joe ting the selector involved, should first reraove the 
blown fuse to retire the rl rr: and then note the position of the se- 
quence switch. Re should then te*t the f\ise terminwl ana if the test 
shows clear, he should replace the fuse*. No further action is neces- 
sary (other th&n telephoning the in f* ration to the desk switebuann) on 
the p«rl of the tracer aa the condition, provided the selector was in 
the selecting position, will have uotne to the notice of the sender 
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uonitcr ae a stuck sender or, if the selector was in a talking po»i- 
tion, release ^ill t'ke pi cr when the fuse in replaced* 
d* Incoming .elec t»- ft - loci 

The fection to be taken in responding to Tie* alnr^s from 
local incoming selectors is the sa-e as for office selectors# 
e* Incoming Selectors * lnt«Tofiioe 

The action to oc taken in responding to fuse alarms from 
intaro ffice ii.co’ lng selectors 10 the Sfctse aa for office selectors* 
f* lnco r :in^ Selectors - Joroleas 

The action to be taken in responding to fuse ularss from 
cordleimj incoming selectors ic the sn:*e as for office selectors** 

„»* Final Jclecto rs 

The action to be taken in responding to fliee alarms from 
final selectors ic the saae as fur office selectors. 
h* 3endtra - Sub scribera* and Jo rale as 

The action to tc taken in responding to fuse alarms from 
both subscribers:* and cordless atiuera is the saise so for office se- 
lectors* 

( lo) Kotor Jtop Alarm 

Associated with ^ach drive (sotor is an alarm circuit con- 
trolled by a aentril\ignl switch on the rsotor shaft for indicating 
when thu drive motor stops or when its s^eed drops to BO per cent, of 
normal speed* 

The tracer responding to a motor scop alarm should first go 
to the floor r.ls.rs board and operate the key associated with the red 

la^p signal, thereupon retiring the red lamp and &lar» signal end 
lighting the white ln^p* The tracer should then go immediately to the 
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fru'e affected. If the motor has stopped, ho should see if the motor 
and ge*<r « turn freely by t*>kin? hold of the coupling and turning it. 

If the motor fails to turn frrely, ho should throw the fro e *mke-busy 
key and at once notify the machinist* Should t> * wo tor turn freely , 
the tracer should then turn the *notor snap switch off and then on 
ajrttin. If the too tor fails to otart following this test, he should 
teat the *x>tor fuuec. If the failure is die to a blo:« fuse, the 
tracer should turn the wo tor snap switch to the off position, replaoe 
the fuse and start the motor. 

If the nrotor to start after these teots are made , the 

tracer should replace the raotor at once with an emergency :-otcr. 

^hen the trouble has teen aleared, the tracer should return 
to the alrrm board and restore the key to nornal which will retire the 
white and red la^ps, the red leran having lighted agaxo when the wo tor 
was et-rtea. A re -ort of the trublc should then be siren to the desk 
switch wnn • 

( 11) Restoring Selectors to horsml and Clearing Trouble 

Vhen s trouble is located in the central office in which the 
trouble ticket originates, the tracer should restore *11 selectors to 
service as soon ae possible, unless there io a ^articular amt otill 
in trouble, in ch cr se he should make it buoy. 

In reatcjring selectors to no mil, the tracer should first 
make sure that no selectors ct»n be left off normal end unguarded. For 
exer.ple, if the trouble should be in the sender, *nd selection has pro- 
gressed «o far as the incoming selector, end the incoming selector ic 
of the t**o wire type, the incoming selector multiple brush should be 
reset byrar*d and the sequence moved to a t&lking position. Resetting 
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the incoming multiple brush should release the final (if selection has 
progressed that far) which should rootore to norrol. flaring restored 
the incoming or lector the tracer should then go to the aistrict and 
reset the district selector t»j)ti F lc brush by bond and restore the 
sequence switch to normal* The sender should be siade buoy et the 
sender monitor 1 s position. 

should tho trouble be in the district selector* a district 
■Make Busy” plug should be inserted in the test Jack of the district 
and the district and office select re returned to no r.nal ay han4. ^hen 
the district is returned to noml t the sender* provided it is tade 
busy, should be r^tored to service by removing the ■Make Busy* plug 
fro® the sender ■Make huey* j*ck at the Bender Monitor position. 

Should the trouble be in the office* in costing or final ce- 
lector, a ■lake Busy 11 plug shall be inserted in the - £B* jack of the 
selector in trouble arid ell other selectors returned to riorral by 
hand. The sender ia restored to service nfter the district u re* 
turned to normal by removing the *Make i*uay* plug at the Sender Moni- 
tor position. 

In all oases the tracer should study the trouble ticket in- 
forts t ion carefully before restoring ary apparatus to normal* to ssakc 
sure that no selectors will be left off normal and unguarded. Sever 
restore a selector to norral by operating the down drive clutch by 
hard, rithout first resetting the multiple crush. 
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TI-tOHMK T1JK?T3 

ML ^gchftnlctl offices* 

T*o special trouble tickets here been designed for uae in 
full rtechanic&l offices. The first ticket shown on Drawing Ko • ?06- 
l>39 is to be used ty the sender monitor or the desk sritcfc'-An for 
reporting all troubles on the subscribers 1 senders, district, office* 
incoming and final selectors and line switches. This ticket will also 
be used ty the owitchiuar* and helpers for reporting all troubles on 
the above equip -er. t detected by the automatic routine testing appa- 
ratus. 

The second ticket, shown on Drawing ho. 706*237, its to be 
*ioed by the sender monitor or desk switohrsan for reporting all 
troubles on the cordless *B" positions, cordless senders, cordless 
link circuits and cordless incoming selectors* This ticket *ill also 
be used by the awitefcnan and helpers for reporting troubles or* this 
type of equipment detected by the automatic routine testing apparatus* 
#hen ft trouble hes been cleared, the trouble found, time 
O* L* end the tracer* a initials shall he entered on the ticket, pro- 
vided the tracer has cleared the trouble. If it is not clear that 
the^ trouble found has caused the trouble reported, a collets explana- 
tion of the trouble found sr.^11 be entered on the tack of the trouble 
ticket and ’•over'* noted on the bottom of the front side. The equip- 
ment shall be repl ced in service r.f ter the proper teats htive been 
made and the trouble ticket for* 1 lad to the Desk Switchman* 
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The following explains in d*t?*il how each of these tickets 

is used* 

am. r-echanical Office rwo*Dlglt oysterr. Ticket*. -i win; ho, 706*239* 

Date 

All ticket 3 a! all be dated* If the ticket originates at 
the trouble des* tr.e send r 'Monitor ahall enter the date* If the 
ticket ic originated by a switchman, the switchman shall enter the 
date • 

Time 

The tine the trouble r«:>ort is received or the tirse of the 
appearance of the trouble will e entered in tUa space* 

rig, as 

After a ticket has been traced and returned to the trouble 
desk, the desk switchmen will classify the ticket, entering the proper 
class ntts&er in this space* 

Ticket h usher 

All tickets will te numbered with & serial nuiatpr, except 
tfa;»e written as * recult of routine tests or checks* All serial 
numbers rill fc'< starred in this space b„ tne sender unitor* 

Jailing "!>** 

If a sui ucrioer ’ o line ie involved in the report of trouble 
the 1 ine nuetoer illl b * 1 entered lr. thi« space by the sender csonitoi* 
Jailed "L" 

fhe nuaber of a called line will be entered in this space 

38 

oy the nder monitor* 

TBXe Resort 

The appearance of the trouble to the cender monitor ar the 
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specific complaint of the subscriber will bo entered in this apace 
by the oenaer ioonilor# ¥h ere the ticket is used by a switchman for 
recording s trouble picked up ^y the automatic testing equip sent, 
the appearance of the trouule to the switch man *111 be entered by the 
switchman in this space# 

fiUL 

tfor pernwuent rivals or oth?r trouble® involving line 
switches, the tracer will enter number of the bay in wnich the line 
switch is loot ited in thi3 space# 
ofcelf 

There line switches ars involved in a report of trouble the 
tracer will enter the shelf number on wh-icb the line switch involved 
is located in this spec®* 

&&& 

'Where a line switch is involved in the report of trouble 
the tracer will enter the individual line switch number in this space# 

x-osi tloiwOord 

?here & trouble report involves n switchboard position or 
a cord, tVe number of the position and cord will be entered in this 
space by the sender non i tor# 
ifrp&x, 

there u uender in Involved iri the trouble the tracer will 
enter V e sender number if- this space# 

nk 

In tracing the sender trouble the tracer will enter the 


position of the translator switch in this space 
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dfi. 

The tracer will enter the position of the coin 8 -itch in 
thi « spo ce . 

3 UR. 

The trocar will enter the position of the sender switch in 
this space. 

SLl- 

The tracer will enter the position of the class register 
in this s>ace. 

Mi 

The tracer will enter the position of the register control 
switch in .this space. 

A. 

The tracer will enter the position of the A Regx ter in 
this epsce. 

Jb. 

The tracer will enter the position of the B register in 
this space. 

Oi 

The tracer will enter the position of the thousands register 
switch in this space. 

H. 

The tracer wili enter the position of the hundreds register 
switch in this space. 

i* 

The tmoer will enter the position of the ten© register 
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switch in this space* 

Zjl 

The tracer will enter the position of the units register 
switch in this space* 

Sh. 

The tracer will enter the position of the stations hundreds 
register switch in this space. 

ill 

Tho tracer will snter the position of the call indicator 
switch in this s^ace. 

lountin,- relays Ho 

The tracer, ir* taking; the record of the sencer, will check 
the counting relays and draw & line through the number of e ch count- 
ing relay operated. 

selector. £ 3 * 3h, Xilite. 

Dnder each of these divisions opposite the £• o. I* spac- 
es the tracer will er.ter the following: 

JU. 

In the space under selector the tracer will enter the number 
of the district selector involved; in the space under SS, the posi- 
tion of the district sequence switch; in the space under X>H t the num- 
ber of the brush tripped; and in the space under TJFJRM t the rack number 
of the district selector. From this reading the tracer will be able 
to uetersine the number of the trunk to which the district hue made 
conr.ectioi. by consulting the bank cb&rt mounted on the district fra:se. 


Bulletin 17 


29 


Bi?. E 

See* VII - Uethcd of Handling Troubles* 

12/1/ao 

Douglas and Tylar, Cia*.ha* 


CK 

In the apnea under selector the tracer will enter the ntmber 
of the office selector; in the space under 23, the position of the 
office sequence switch; in the & ace under BR, the number of the awlti- 
pie brush tripped; and in the apace wder T”Elt, the rack number of the 
office selector* By consulting the bank ohart mounted on the office 
frame , the tr»jQ**r will be able to locate the nu^nber of the trunk to 
which the office selector has made connection* 

JjL 

In the space under selector the tracer will enter the number 
of the incoming selector; in the space under 33 the position of the 
incoming sequence switch; in the space under Bfi the number of the in-, 
codin ' selector brush tripped; in the space under TKKX, the rack nun- 
i»«r. hy consulting the bank chart the tracer will be able to determine 
the number o r the ' inal selector to which i r e incoming selector has 
made connection* 

If. 

Ir. the s^ace under selector the tracer will enter the number 
of the finfel selector; in the space under 33 the position of the final 
sequence switch; ir Die apace under XiK the number of the final multiple 
brush tripped; in the space under T5HB, the number of the subscriber^ 
lines to which the fin*! selector has aade connection* 
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In the blank space immediately following be entered a 

record of t r trouble fou’rd* If this apace doe# not provide rooro for 
ent*rin-$ the full story of t hr trouble the back of the ticket ~ay be 

u oe d • 

jJLas—AjLii* 

The svitchson who cleared the trouble wj.11 enter the time 
the trouble w»a cleared* 

fix. 

The switohiaaii who cleared the trouble will enter hi© intiala* 
Cordicaa j. ho?>rd ic^et - drt-nju^ Ko« 706-237, 

Jate 

The date the trouble report was reoeived will be entered in 
th is spaae by the sender monitor* In cstee the trouble is di ©covered 
by the automatic routine tool equipment, the date will be entered by 
the ow 1 1 ch -uziQ • 

Il^e 

The ti*ne of day the trouble report w&o received by the send- 
er monitor 'vill ie entered in this spuce* 

The cl^aaifioa tioii of the trouble will be Ba*de by the aeak 
switchman after the ticket has been traced ar.d returned to the trouble 
desk* 

The serial number of the ticket will be otas-ped in this apace 


by the sender monitor 
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Called Line 

The number of the celled subscribers 1 line will be entered 
in this opnee b;, the sender non i tor* 
f rouble Heuort 

The appearance of the trouble to the cordless B operator 
no reported to the sender non j tor will be entered In this space by 
the sender ronitor* 

Trunk No* 

The number of the cordless incoming selector will be entered 
in this space by the sender monitor* 
i o s . Ko * 

The number of the cordless B position will be entered in 
this space by the sender monitor* 

Sender Ko ♦ 

The tracer will enter the number of the sender involved 
in this space. In some instances the record of t^e sender monitor 
:my show repeated failures on the particular sender in which case 
a report -rill be made and the number of the sender affected would 
then be entered in this space by the senior monitor before the 
ticket was issued. 

Sender GS* 

The tracer will enter in this space the position of the 
sender sequence switch* 

The tracer will enter in this apace the number of the oender 


selector involved 
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e-DR » - ^L. • So . 

The tracer will enter in this space the position of the 
sender ©elector sequence switch. 
iLi 

The tracer will er. ter in this space the number or numbers 
of incoming brush register relays operated. 

13. 

The tracer will rnt^r in this space the nuober or masters 
of incoming group register relays operated. 

PR. 

The tracer will enter in this space the number or numbers 
of the final brush relays operated. 

FT. 

The tracer will enter in this space the number or numbers 
of the final tens relays operated* 

E4 

The tracer will enter in this space the number or nusvbers 
of the finel units relays operated. 

Dour tin,; Belaya Up 

The tracer will draw a line through the numbers of all 
counting relays op* rated. 

C DEL 3 . Selector, PS, b'x m T«i&« 

In the space directly under thsoe divisions the tracer will 


era ter the following information 

.J 


B 
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I* 

In the opr* ce under selector the tracer will enter the number 
of the cordless incoming selector; in the space under SS the position 
of the incoming seouence switch; in the space und^r BR the number of 
the cordless incoming selector brueh tripped; and in the space under 
T£RK the ruck number of the cordless incoming selector* By consulting 
the bank chart the tracer will then be able to determine the number 
of the final selector to which the incoming selector has aad* connec- 
tion • 

JLl 

In the sv&ce under selector tho tracer will enter the number 
of the final selector; in the space under S3 the position of the final 
sequence switch; in the space under BR the number of the fin^l mul- 
tiple brush tripped; end in the apace unaer T.KX the number of the 
subscriber's line to which the final has tc&de connection* 

In the space imr>ed lately following a record of the trouble 
found will to* made by the switchman* 

T ine 0 ♦ & • 

The tirce the trouble was cleared will be entered by the 

aw it chtsan* 

2Z_ 

The switchman who cleared the trouble will enter bis 

in lti&ls* 

^anau-1 Offices with Call Indicator gpuiyisent* 

A Special trouble ticket ia also required in manual offices 


having relay call indicator equipment. A sample ticket is shown in 
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Drawing No. 706-256* The following explains how this ticket is used. 
Call Indie- tor Ticket - Drawing No. 706-338. 

Central Office 

The name of the central office shall be entered in thiB 
space by the switchman in case the trouble is discovered by the 
switchman, or by the repair clerk in case the trouble is referred to 
the repair department by the traffic department. 

Ticket No. 

The tickets shall be numbered serially each day, (except 
those made out for troubles discovered by routines) the ticket 
number being entered in this space by the repair clerk. 

Date 

The date the trouble report is received will be entered in 
this space by the switchman or repair clerk. 

Time 

The time of day the report was received will be entered in 
this space by the repair clerk or switchman. 

Originating Office 

In case the trouble report originates in a full mechanical 
office the repair clerk will enter the name of the central office 
from which the trouble report originated. 

TK.T No. 

In this space the repair clerk should enter the number 
corresponding to the ticket number of the trouble report in the 
originating office. 
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TfcL . Report 

The a*'- it oh man or rwyoir clerk receiving the report *131 
enter the a pearsnee of the trouble to the pet eon sakin^ the report 
in thif* 6p(nc« • 

Cl nee No . 

Cle ssif ient ion of the Trouble will bo mnde in this apace 
by the owl t oh man. 

Hast 

The repair alerk or e*it:5>«nn --ill enter in this space the 
number of the trunk involved in the trouble. 

.it. O 8 . 

The repair clerk c>r awitchraan will enter in th ;« apace the 
number of the 3 position in vhich the trunk, in trouble tormina tea. 
J$j£ 

The repair clerk or switchmen will enter in this rt noe the 
nuaber of t:>e cord in which the trunk terminates. 

In the ble.nk epoce immediately following the history of the 
trouble will b« written by the switchman who clears the trouble. 

Tyre of Relay 

In this space the switchman will enter in the case of a 
relay r.Ujustnent the type of relay upon which the adju fitment was 

made • 

Time o . t . 

The time the trouble wae cleared will be entered by the 


owitchnan 



* 
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The switchmen who cleared the trouble *111 enter his 

initials. 

When tracing & ticket the tracer should always record 
all available information with regard to the positions of science 
switches ana selector© involved in the connect ion • ?hen a trouble is 
cleared he shoula show the location of the trouble and the cause. If 
the cause is net found he should enter any unusual appearance* as 
for example, *3o brush tripped to telltale-. A number ot each re- 
port©, when compared, often point to the location and probable cause 
of a number of troubles. 

Should a trouble require the renaju stmeut of a r lift a 
note ©hall ue nude on the ticket showing the number of the selector 
and the relay requiring adjustment* The ticket shall then be forward* 
ed to the desk switchman yrt c will assign it to Uc relay t^n* 

Should the trouble involve t*3ting or odjist^ents that can* 
not te conveniently made during the day on account of interference with 
common equipment or the Traffic Bepartmen t , such as cord troucle© or 
key troubles, t» e piece of apparatus shall be rsade busy and a note 
shall c? «aadc on the ticket, "Kefer to Kigfrt 2?orce°. The ticket shall 
then be forwarded to the des* switchman* 

do&e troubles may devc’lop on which a permanent repair cannot 
be made, at the tire the trouble is discovered, and a temporary re- 
pair can be -jade which will alio?* the apparatus to regain in service* 


TR - 
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?hen a temporary repair is made the tracer shall note on the ticket 
•Tesap* o# h*" and forward it to the deck switchman, who will nosi&n it 
to the night force, or to a r -lay man or apparatus man depending upon 
the nature of the trouble* 

The following is a list of the :x>st coasor. conditions wet 
with, the causes of which, in any cnacs, t irr not directly sp * rent • 
These condition? ere usually c alled "Appenrance to Maintenance U. an** 
All tickets should betr some notation as to the appearance to the 
maintenance man whether or not the cause of the trouble is found* 



Applies to all -selecting ao^arAtus* 

Came Clear 

After Tnakimj * report the trouble oefita to 
hfcTe di sap es red and the connection la found 

O *1. 

Coraleted Automatically* 

The trouble ticket has been unde and the 
completion of the call eor cwh<*t delayed 
but finally corpleted 0*1.* 

Csa't dlaeaifj. 

Sot enou4i information on the ticket to 
cl a b a i f y v ro p e rly . 

founi 0 • k* 

the appearance of the app&r&tuo indicates 
proper op^r/ition, no indication of trouble 
b o i n d found cy the s* itch&an • 

Sot held. 

After making a trouble report, the connec- 
tion ia not held long enough for the Switch- 
man to got the necessary inforemtion for 
clearing trouble* 

Ovc rotes*. 

The selector or sequence uwitch passes beyond 

the position "here it should have stopped* 


ileacl :u»y Ter *inal ♦ The selector picked or selected a trunk, line 

or terminal raaae busy* 

.:eQuenoc Switch Sequence switch is founa in Position 1* The 

ko nasi . majority of cuaea under this be:>diu : : are due 

to connections either not being held or soza- 
pletea automatically • 
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Sequence Switch 
ye t- I re rv. t ; r^ly 


Sequence switch is found in a position beyond 
where it should be with respect to other os* 
cuence switches in t? e train. 


Sft'Tuence Switch 3toi?s This includes seouence switches which are 

or T - il & to Advance. found bet~e*r positions or which hare failed 

to move to the next position. 


Oft" I- o r « 


Tie selector or sequence switch failed to re- 
turn to norfiftl position. 


»gy .cque 4 .ee Switch The sequence switch revolves continuously. 


Ter .in ^ ■ p t t»ade 

Busy 


The selector failed to swske the se;^"5led tsr> 
irsl or trunk t^st busy. 


TJnders *he oelect or picked a torreinal or trur.it below 

the one which should h re fc**-n selected. 


Zronr hunter 


Trouble Connection 


relector *> Us to 

lick Idl? rcrr.inal 

C;r Trunk 


Any office or line number or party letter oth- 
er than th;,t reported a a haring been called 
which is selected in error. 

T*ro selectors found on the same terrain c.l on 
either ao*s, leted or unco-auleted connections. 
Theoe any bo siaiul tancou3 connections or con- 
nections of: which selector failed to .Make 

the terminal busy. 

The selector fails to pick fixst idle trunk- 
usually overstep. 


Brush to 

Tell tale. 


Found on Gverfloy 

Tcr r ..n-al . 


jioro t'.fifi tec brush 

Tritv ed. 

Kq T n vh 

Ko Brush to fell tsle 


Applies to district, office, Incosm ~ &na Pinal 

Geleo to rs. 

rhe selector is fourad st tell trie with * brush 
tripped. 

The selector le naflfid on an overflow t?ratinal« 
Two or vore brubhes tripped on one selector. 

The selector is found with no brush tripped. 

The aelector l® found at telltale with no brjah 
tripped. 
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iio Orouo or ?ronfi Group The selector mcde no ?roup selection or 
wrong group selection* 


* ronp: Brush 


The selector is found *ith the «ron.? brush 
tripped* 


yalae busy 


Final .^clectora* 

The selector returned busy on a line not 
supposed to be busy. 


Up * tJuoy Tone 


The selector la found in the busy position 

bu t no t re tu rr, in g In ay tone • 


ho* T. E • a* Hunt Selector failed to hunt Tor sn idle p.H.X* 

trunk 'when the tirat trunk of the r*B*X* 
group was found busy* 


Wronz Ten a 

r nr r V.i ts 


^rong number, group selection* 
trong butnber, units selection* 
Link Circuits 


l&ore than i-r«e in fvo or rore sender selectors found in at#*rt- 

ro sit ion 1* ing position Xo« 1* 


Sender Selector All Bender selectors found busy or proper 

in iosition 1* sender selector did not advance out of 

position 18* 


♦ 
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.IMPORTANT 

Wherever there is a discrepancy between the values for 
inspecting, testing, or adjusting, shown in Sections VIII, IX, X, 
and XI of this bulletin and the Method of Operation sheets, the 
values given on the Method of Operation sheets shall be considered 
the standard ones for use in maintaining the central office. 


f 
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DIVISION B 

FULL MECHANI CAL OFFICES 

Section VIII Apparatus Adjusting requirements 

This section gives the requirements which the apparatus 
(excluding relays and message registers) must he adjusted to meet; 
as, for example, speed of operation, spring tension, play, air gaps, 
hrush tension, operating current, etc. etc. 

For a list of the adjusting tools required see Div. A, 

Sec. II. 

In connection with adjustments see the following:- 
Sev. V Method of Taking Equipment Out of Service. 

Sec. XII Apparatus replacements. 

PANEL TYPE SELECTORS 

The Multiple Prush rod 
Adjusting Requirements 

1. Prush rods shall he entirely free from any binding in the 
hearings. 

2. The two halves of each hearing shall he placed together as 
closely as possible. 

3. The slot in the Irush rod which receives the spring of the 
rack coupling shall he so placed that any twisting motion of the 
rack will not he transmitted to the hrush rod. 
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4. The coupling shall "be sufficiently free in the rod to 
prevent any twisting motion in the rack being transmitted to the 
rod. 

5. The down-stop collar shall be so placed that it will rest 
upon the brush rod bearing with the selector in its normal or lowest 
position. It must also be placed so that any tripped multiple brush 
will reset with a snap as the brush rod comes near its normal posi- 
tion and there must be some down travel to the selector after the 
brush is reset. 

6. The up-stop collar shall be adjusted to allow minimum 
maximum lA c " lift of selector from its position when resting with 
the pawl engaging the lowest notch in the rack. 

The Multiple Brush 

General 

1. Brushes shall not snag against terminals when tripped or 
reset as the selector travels up or down in normal operation. They 
shall run smoothly over the terminals without chattering. 

2. There shall be no tendency for the brushes to ride off the 
terminals. 

V ertical Adjustment 

3. Sleeve springs bridging: The bridging type sleeve springs 
shall be so centered on the middle terminal of the brink that its 
position shall be midway with jh .010* between the point where the 
right hand sleeve spring breaks contact with the terminal next below 
and the left hand spring makes contact with terminal next above that 
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with which the sleeve springs are in contact. 

4. Sleeve spring non-brl dging: The spring shall he within 

• CIO" of "being centered on the center terminal of the "bank. 

5% Tip and ring springs; The upper edge of the contact shoe 

of the brush shall not be below the upper edge of the terminal , and 
the lower edge of the contact shoe of the brush shall not be above 
the lower edge of the terminal when the rack in resting on the pawl 
engaging any notch for which there is a corresponding terminal. 
horizontal adjustment 

6. The contacting surface of the springs must make positive 
contact with the edge of the terminals when the brush is tripped and 
must project in from the end of the terminals not less than half the 
width of the fibre shoe and not more than the full width of the 
fibre shoe. 

7. With the bridging type of brush no spring with the brush 
in the reset condition shall come within 1/32" of a terminal as the 
elevator travels up or down nor shall a tip or ring spring snag 
against an adjacent brush. This requirement must be met with any 
one of the brushes on the same rod tripped. 

The Commutator Brush 
1. District and Office Frames 

A. Spring: The top edge of the contact portion of the spring 
shall not be less than .005" nor more than .015" above the top edge 
of the fifth commutator segment when the pawl engages the fifth notch 
on l/8" centers from the top of the rack. 
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B. Spring: The lower edge of the contact portion of the 
spring shall not be leso than *010 " nor more than .030" above top 
edge of the commutator segment when the pawl engages notch No* 44 
of the rack* 

C* Spring: The top edge of the contact portion of the spring 
shall not be more than *003" above or below the bottom edge of the 
commutator segment for the full width of the spring when the pawl, 
engages notch No. 44 of the rack* 

2* Final hramee 

A* Spring; The top edge of the contact portion of the spring 
shall not be less than .003" nor more than .013* above the top edge 
of the fifth commutator segment when the pawl engages the fifth 
notch on l/8" centers from the top of the rack. 

B. Spring: The lower edge of the contact portion of the 
spring shall not be less than .010" or more than .030" above the 
top edge of the commutator segment when the pawl engages notch 
No. 50 of the rack. 

C. Spring: The top edge of the contact portion of the spring 
shall not be less than .003" or more than .013" above the top edge 
of the fifty-first commutator segment for full width of the spring 
when the pawl eng tge s notch No. 50 of the rack. 

3* Sender Frames 

C. Spring: The top edge of contact portion of the spring 


shall not be more than .003" above or below the lower edge of the 
thirtieth commutator segment for the full width of the spring when 
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the pawl engages notch No* 29 of the rack. 

A . Local and T nteroffice Incoming 

■A* -Spring: The top edge of the contact portion of the spring 

shall not he lees than -010" "or more than .030" above the top edge 

of the corsputator segment. when the pawl engages notch No. 50 in th© 
rack . 

-Swing: The lower edge of the contact portion of the spring 

shall not he lees than .010" nor more than .030" above the top edge 
of the fifth comraitntor segment when the pawl engages notch No. 50 
1 n the rack . 

"0" -Spring- The top edge of the contact portion of the Paring 

shall not he mere than .003" above or below the bottom edge of the 

fifty-first cociLiutator segment for the full width of the spring when 
the pawl engages notch No. 50 of the rack. 

5. All kranea 


The contact end of the spring should not be bent no re 


than l/32" at the end from a right angle with the vertical portion 
of the spring. 


The Clutch 


The clutches shall be installed so that they fit snugly 
in a vertical direction against the top locating plate. 


Down Drive - Clutches 1A and 2A 


The current requirements are as follows 
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Rolls at Rest 

Rolls Revolving 




.200 

Operate and remove 



.170 




.125 

Shunt resistance - 



-- 


Down Drive - Clutch 3A 


.255 



.215 

.165 





700 


Up Drive - Clutches 1A. 2A and 3A 


Fully operate .300 

Non-operate 280 

Shunt resistance - ohms 700 


.320 

.230 

700 


Clutches 1A and 2A 

Trip magnet operate .200 .200 



Note: By "fully operate" is meant that the spring on 
the armature will operate so as to give an 
air gap "between the adjusting screw in the 
armature and the roller lever. 

By "operate and remove pawl” is meant that the 
pawl shall "be disengaged from the rack and that 
the armature screw may or may not separate 
from the roller lever. 

By "non-operate" the armature may move but the 
spring on the armature should not operate; that 
is the adjusting screw should not break con- 
tact with the roller lever. 



i 
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Down Drive 

With the armature fully operated the gap between lower 
hack stop and armature should he minimum .122" and maximum .138" • 

2. With the clutch roller touching the rack and the rack touch - 
ing the cork roll with Just sufficient pressure to prevent the rack 
from slipping or dropping, the pawl shall not touch the rack for any 
vertical position the rack may assume. Under the above conditions 
and with the high spot of the clutch roller against the rack, the air 
gap between the pawl and the rack shall not exceed .025". 

3. With the friction rolls revolving, the clutch shall operate 
for at least one position of the clutch roller, operate and remove 
pawl from rack for any position of the clutch roller, and non-op erate 
for any position of the clutch roller in accordance with the above 
current requirements. The clutch shall not fail to operate and 
remove pawl or non-operate under the above conditions when the magnet 
i 8 energized and deenergized at the rate of approximately two times 
per second. 

4 . With the low spot of the clutch roller surface against the 
rack, and with the down drive magnet fully operated, the air gap be- 
tween the armature adjusting screw and the roller arm shall be 
between the limits of minimum .015" maximum .025". 

High Speed Up Drive 

1 # When the armature is in the operated position and the magnet 

is fully energized the gap between the armature and core of magnet 
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farthest away from fulcrum and at a point between the two non- 
freezing points in armature should be mininMm .01£ * maximum • 022 *• 

2* 7/ith the armature fully operated, the gnp between the lower 

back stop and armature should be minimum •162" maximum .178". 

3. With the high spot of the clutch roller surface against 
the rack, the air gap between the adjusting screw and the armature 
shall be between the limits of minimum .025’’, maximum .035® • 

4. With the cork rolls operating, the clutch shall operate 

on *320 ampere for all positions of the clutch roller, and shall not 
operate on .230 ampere for at least one position of the clutch 
roller* The clutch shall not fail to operate or non-operate under 
the above conditions when the magnet is energized and deenergized 
at the rate of approximately two times per second* 

5. The armature spring should liave a tension of not less than 
900 grams measured at the end of the roller lever, and with the gap 
between armature screw and roller lover closed. 

Trip hagnet 

1* There shall be a clearance of minimum of .028® and maximum 

.052* between the bent portion of armature and the magnet core when 
armature is operated* 

2* The non-freezing disc on the trip magnet armature shall 

not touch the core of the coil nearest the pivot and the gap shall 
be a maximum .010" when the armature is drawn up with the other non- 
freezing disc touching the associated core* This requirement shall 
be met with the magnet not energized. 
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3 • With the end of the semi-circular lug on the trip magnet 

armature touching the side frame there shall he a gap of maximum 
.125*, minimum .093* between the core of the coil farthest from the 


armature pivot and the associated non-freexing disc on the armature* 
4 • Extension of the trip armature shall reliably clear the 

rack in all positions. 

5. Extension of the trip armature nust not touch multiple 

brush frame in any position* 

Low Speed Up Drive 

1* Clutches haring low speed up drive magnets shall have the 

same requirements for low speed magnets as for high speed, except 
.1 that the front stop of the armature shall he bent so as to entirely 
clear the armature when it is fully operated* The armature freezing 
points are allowed to touch the magnet core when the armature ie 
fully operated. 



The Trip Rod 

AdJ u 3 1 j ng h e q a L r asn t s 

1. The rotating lever on trip rod must clear the top clutch 
locating plate by not lees than .020* • 

2. Trip fingers must not touch brush springs v/ith the trip 
rod in the normal or operated positions. 

3* The collar at top end of trip red shall have sufficient 

clearance from the bearing plate to insure the rod being free to 
turn on its axis under all conditions without any binding on the 
collar and must not have clearance enough to disturb the trip finger 
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adjustment when the rod is lifted so that the collar touches the 
hearing plate* 

4* \ r hen a trip finger engages a trip lever of a brush and is 

in position to trip the brush, its position shall be such as te 

insure reliable operation of the trip lever* 

5* 'Vhen the trip rod operates, the trip fingers shall not 

touch the trip levers on the brushes except the one in position to 

be tripped. 

6. Trip fingers shall not be sluggish in returning to stop 

on rod when pulled away from stop. 

7* There shall be no tendency for a trip finger to fail to 

trip a brush when the brush and trip finger are brought in position 
to trip the brush. 

8. There shall be no tendency for any brush to trip while 

any other brush on the same rod is being tripped, except where the 

circuit design requires more than one brush tripped at a time* 

9. There shall be no tendency for the trip rod to fail to 

operate or be sluggish in operation when the trip magnet is energised* 

10* There shall be no tendency for the trip rod to be sluggish 

in returning to its normal position after being operated by the trip 
magnet when the trip magnet is released. 

ST&umcrs stttciisb 

Adjusting Requirements 

1* The gap between the driving and driven disc shall be as 

small as possible without touching with the driving shaft and sequence 
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switch shaft in any position about their axes and shall not be more 
than .020* when the shafts are in the positions which bring the two 
discs furthest apart. 

2. The gap between the driving disc and pole piece of operat- 
ing magnet at its nearest point shall be maximum of .010*. 

3. There shall be no appreciable slip between the driving and 
driven discs when the operating magnet is energized. 

4. The pressure of the "A* oam roller against the "A" cam shall 
be a minimum of 400 grams, maximum 600 grams. 

5. The pressure of the contact springs on the cams shall be a 
minimum of 30 grains, maximum 45 grams. 

6. The gap between the driven disc and switch frame shall be 
a minimum of .024*, maximum .034*. 

IRT^mjPT^S 

149-c Interrupter 

Adjusting tequirements 

1. Stfien the operating bar is in its normal position, that is, 
when the roller is resting on that portion of the cam’s periphery 
nearest the center, there shall be a clearance of .010* minimum be- 
tween the study insulators and the springs which they operate. 

2. qfcen the middle spring is in the neutral position, that is, 
when the roller is resting on the intermediate portion of the cam, 
the minimum air gap between the middle spring contaet and the outer 
spring contacts shall be .005*. 
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The minimum air gap between the middle spring contact and 
the front contact when the operating bar is in its normal position 

ei-all he .010” . 

The minimum air gap Between the middle spring contact and 
13:e tack spring contact when t2is operating tar is on the highest 
part of the cam shall be .G10 H * 

3. The minimum pressure between closed contacts shall be 35 

grains and the maximum pressure 50 grams. 

4* The pressure between the cam and the roller when the roller 

ic resting on that portion of the can 9 b periphery nearest the center 
si-all be maximum 500 grams, minimum 4CC grams* 

5. The roller in the operating tar shall turn freely on its 

pivot which shall be lubricated whenever it appears to be dry with 
a minute drop of Ho. 3 liagle Spindle cil or its equivalent applied 
on the end of a toothpick* 

6* The shaft carrying the gear and cam assembly shall revolve 

freely in its bearings without side play in any direction. 

7* When the interrupter ic adjusted to meet the above require- 

ments and the cam is driven at 22*2 K.P.M* the back contact makes 
for *1 second and breaks for *35 socond; *25 second after the back 
contact breaks the front contact makes for .1 second and breaks for 
•35 second* 

149 -IS Interrupter 

Adjusting requirements 

3axae as 149-C interrupter* 
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2* The minimum air gap between the contacts when the springs 

are in an operated position shall he .010*. 

3* Same as 149-C interrupter* 

4. Same as 149-C interrupter. 

5. Same as 149-C interrupter. 

6. Same as 149-C interrupter* 

7. When the interrupter is adjusted to meet the above 
requirements and the cam is driven at 15 R.P.M., the springs make 
contact for .2 second and break contact for .2 second. 

149-F Interrupter 

Adjusting requirements 

1. Same as 149-C interrupter. 

2. Same as 149 -S interrupter. 

3. Same as 149-C interrupter. 

4* Same as 149-C interrupter* 

5. Same as 149-C interrupter. 

6. Same as 149-C interrupter. 

7. V/hen the interrupter is adjusted to meet the above require- 
ments and the cam is driven at 15 R.P.M. , the springs make contact 
for .2 second and break contact for .2 second. 

1 49 -G Interrupter 

Adjusting requirements 

1. Same as 149-C interrupter. 

2. Same as 149-E interrupter. 


Bulletin No. 17 


-14 


Div. B 

Sec. YXII Apparatus Adjusting 
12 / 1/20 

Douglas & Tyler, Cfcnaha. 


3* Sane as 149-C interrupter. 

4. Same as 149-C interrupter. 

5. Same as 149-C interrupter. 

6. Same as 149-C interrupter. 

7. When the interrupter is adjusted to meet the above 
requirements and the cam is driven at 14.3 R.P.K. the springe make 
contact for .53 second and break contaot for .53 second. 

149 -J Interrupter 

adjusting requirements 
1. Same as 149-C interrupter . 

2 • Same as 149-E interrupter. 

3. Same as 149-C interrupter. 

4. Same aa 149-C interrupter. 

5. Same as 149-C interrupter. 

6. Same ao 149-C interrupter. 

7. When the interrupter is adjusted to meet the above 
requirements and the cam is driven at 25 B.P.M. all contacts open 
for 2 seconds, after which the normally closed contacts close for 
.1; all contacts then open for .1 second after which the normally 
open contacts close for .1 second. 

149-K Interrupter 

Adjusting Requirement s 

1 . 


2 


Same as 149-C interrupter 
Same as 149-C interrupter. 
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3* Same as 149-C interrupter. 

4* Same as 149-C Interrupter* 

5. Same as 149-C interrupter. 

6. Same ae 149-C interrupter. 

7. \3hen the interrupter ie adjusted to meet the above require- 
ments and the cam io driven at 23 R.P.ld., the springs make contact 
for *15 second and break contact for 1 oeoond. 

149-H Interrupter 

Adjusting J.equirements 

1. °aae as 149-C interrupter. 

2. Same as 149-E interrupter. 

3. Same as 149-C interrupter. 

4. Same as 149-C interrupter. 

5. Same as 149-C interrupter. 

Same as 149-C interrupter. 

7. When the interrupter is adjusted to meet the above require- 

ments and the cam is driven at 15 R.P.M. the center and front spring 
contacts make for *2 second raid the center and back spring contact 
make for .3 second. 


149-H Interrupter 

Adjusting Requirements 

1. Same as 149-C interrupter. 

2. Same as 149-E interrupter. 

3. Same as 149-C interrupter. 
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4* Same as 149-C interrupter. 

5. Same as 149-C interrupter. 

6. Same as 149-C interrupter. 

7. When the interrupter is adjusted to meet the alove require** 

ments and the cam ie driven at 15 R.F.K. , the springe make contact 
for .3 second and break contact for .2 second. 


149-R Interrupter 


Adjusting Requirements 


1. Same as 149-C interrupter. 

2. Same as 149-E interrupter. 

3. Same as 149-C interrupter. 

4. Same as 149-C interrupter. 

5. Same as 149-C interrupter. 

6. Same as 149-C interrupter. 

7. when the interrupter ie adjusted to meet the above require- 
ments and the cam is driven at 15 R.F.M. , the springs make contact 
for .2 second and break contact for .2 second. 


152-A Interrupter 

Adjusting Requirements 

1. When the operating bar is in its normal position, that is, 
when the roller is resting on that portion of the 0021*8 periphery 
nearest the center, the springs which the etude operate shall rest 
on the stud insulators with a maximum pressure of 30 grams. 

2 . 


Same as 149-E interrupter 


I 
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2. Ssfi.e ao 149-C inteirupter. 

4. Stmt no 149-C interrupter, 

fc. Suiie hz 149-C interrupter. 

6. Simc as 149-C interrupter. 

7. When the interrupter io adjusted to meet the above require- 
ments and the cam is driven at 8.57 K.P.K. , the front contact is 
closed for .4 second and open for G.6 seconds; the back contact is 
closed for 6.4 seconds and open for .6 second. 


4 


152-B Interrupter 

Add u st i nc Reg n 1 r omen t c 

1. Same as 149-C interrupter. 

2. Sane ac 149-E interrupter. 

3. Same as 149-C interrupter. 

4. Safcc as 149-C interrupter. 

£•• Game as 149-C interrupter. 

6. Same as 149-C interrupter. 

7. When the interrupter is adjusted to meet the above require- 
ments and the cam- is driven at 2 3.P.M. , the springs make contact 
for 3 seconds and break contact for 27 seconds. 



i 


1202-C SBXASCTORS 

1. The brushes shall be securely clamped to the shaft with 
the contact tips of ono set at 180° from the contact tips of the 
other set. The contact tips of the brushes in each set shall be 
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cligned to 1® pera31el with the axis of the shaft with the exception 
of the testing brush in cr ch ret, the contact tip of which ehall “be 
r dvanced a maximum .C4?:", minimum .035" in the direction of normal 
rotation from alignment rith the remaining "brushes in its set* 

2. The stop unit shall "be adjusted horizontally so that the 
rear edge of the contact face of the testing brushes is within .010* 
of the center line of the terirjnalr. of their hanks. In making this 
adjustment the armature pawl should engage with the stopping edge 

of the notches in the rim. 

3. The stop unit shall be adjusted vertically so that the over- 
lap of the armature pawl in any notch of the rim is minimum .040* 

and is not so great that the pawl will touch the bottom of the notch. 

4 . The armature back stop shall be set so that with the 
armature in the released position the pawl will not touch the rim in 
its closest position and the clearance between them shall not exceed 
.022". The gap between the armature when operated and the back stop 
shall be maximum .040 q • 

5. The contact springs shall be adjusted so that the insulat- 
ing bushing on the armature does not touch the long contact spring 
when the pawl is resting on the edge of the rim, in any position of 
its rotation. The tension between the contacts shall be minimum 

20 grams. The gap between contacts when the pawl i s in a notch of 
the rim shal 1 be minimum .POd 11 . 

6. The tension of the retractile spring shall be such that the 


magnet will operate on .070 ampere and will not operate on .060 ampere 
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7* The drive T»C£Zict shall be adjusted p?o that the gap "between 

the core and driven disc will be maximum , 040 ", minimum .025". 

S. The rotor shaft ehull "be free to turn in its hearings ?nd 

the end play of the shaft shall not exceed .002". 

9. The clearance het^eon the outer t?.pr of the brushes and 
the insulators on the Vanlea ohall be minimum l/6 4*. 


( 
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IMPORTANT 

Wherever there is a di screpaney between the values for 
inspecting, testing, or adjusting, shown in Sections VIII, IX, X, 
and XI of this bulletin and the Method of Operation sheets, the 
values given on the Method of Operation sheets shall be considered 
the standard ones for use in maintaining the central office. 


Bulletin Ho. 17 


Dir. B 

Sec* IX -Routine Tests 

12 / 1/20 

Douglas & Tyler, Omaha. 


DIVISIQg B 

TOLL MECHAHICAL 0mCB8 

Section IX Routine Tests 

The following are the principal items of machine switching 
equipment to be furnished for the initial installation at Douglas and 
Tyler offices, Omaha, which require routine testing equipment. 





Ho. 

of Circuits 




Douglas 

Tyler 

1 

- 

Line Switches 

8474 

5020 

2 

- 

District Selectors 

1040 

610 

3 

- 

Office Selectors 


303 

4 

- 

Incoming Selectors Cordless 

590 

310 



Tull Mechanical 

420 

200 

5 

w 

Pinal Selectors 

1320 

900 

6 


SubBoribers Senders 

146 

86 


7 - Cordless B Senders 30 

8 - A Sections 4 

Amount and Description of Routine Testing 

Equipment 


The following shows the number of sets and circuits of 
various sorts to be supplied for both Douglas and Tyler, together with 
a brief description of each set or circuit. 


- 2 - 
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Patching Cord Test Set, Supply 1 

This Is a set to he mounted on a side wall or frame near 
the work bench and is used In testing the continuity of patching cords 
of all kinds. 

It is equipped with battery supply jacks for use with the 
Relay Adjusting Test Set when it is necessary to test relays or other 
apparatus at the bench. 

Switchboard Cord Test Circuit. Supply 1 

This is a circuit used in testing the continuity of cords 
in the "A* switchboards. 

Relay Adjusting Test Set. Supply 2 

The relay adjusting test set is designed for use in adjust- 
ing relays and other apparatus for which current adjustments are 
specified. It contains a milliammeter and variable resistances for 
adjusting the current values. 

District Selector Test Set. Supply 1 

This 1b a set provided with a dial for priming the sender, 
a talking circuit and a monitoring key. also, an adjust key and a 
jack to enable the tester to patch the relay test box for adjusting 
supervisory relays. 

Selector Test Set. Supply 2 

This is a set. mounted on a tea-wagon, for testing individual 
office, full mechanical incoming or final selectors. 

It is used at the selector frames and is attached to a 
selector to be tested by patching cords placed in the test jack of 
the selector. The principal use of this set will be for adjusting 
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apparatus found in trouble by the automatic teste, for routine teste 
on office selectors for testing such selector brushes as are not 
tested by the automatic routine tests, and for testing the spare final 
frames* 

Cordless "B" Inooming Seleotor Test Set Supply 2 

Jacks are supplied at the cordless N B n selector frames 
where this test set is attached. The set haB a cord and plug 
representing the "A" operators cord. The tester can order the trunk 
to be connected by the cordless "B* operator to the lines used for 
testing incoming selectors and thus obtain a test of the selector and 
of the ringing and supervisory relays. For adjusting the supervisory 
relay the tester can order the trunk up on a line appearing befors 
him on the incoming frame Jack box and there attach the relay ad- 
justing test box. 

Hote: Routine tests of cordless trunks will be 
made at night by the traffic department. 

The "A" operator will order up the trunks 
one after the other to the lines used for 
testing incoming selectors thus testing 
the cable pairs, selectors and ringing 
and supervisory relays . If the test is 
met successfully the **A M operator will 
receive a distinctive flash. 

Cordless *B" Sender Test Set (Automatic) Supply 1 

This is an automatic test operating without attention 

until trouble is encountered. Sender selectors are used to pick up 

the senders one after another and put them through their paces. 

Subscribers Line Test Box Supply 2 


The tests of subscribers lines for continuity, break down 
and sleeve test cannot be made automatically since the deflection of 
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a voltmeter must be observed. The test of the line switch is not 
made automatically since the requisite apparatus would be costly and 
not often used. All these tests are to be 2 ie.de manually. 

7or picking up subscribers line, final selectors specially 
wired are used. They are available for handling ordinary calls 
except when in use for testing. Two finals per 500 lines one on each 
side of the last final frame in each choice are adapted for these 
tests. This is done by adding two extra jacks and two extra cams to 
each of these finals. 

The test box is patched to a final selector by means of 
cords and jacks at the final frame. The final is then stepped to the 
subscribers line and tests to see whether or not it is busy. If busy, 
the final does not proceed. If the line is free the final closes tip 
and ring. 

If a continuity test is to be made the voltmeter will be 
connected and the throw of the needle observed. 

Breakdown tests will be made as with manual equipment. 

If the line switch and line relay are to be tested, the 
sleeve will be opened at the teBt box and a high resistance thrown 
across tip and ring to test the line relay. If the line relay and 
line switch operate, dial tone will be heard by the tester. The non-- 
operating current will also be placed on the cut-off relay and the 
tester should then be able to operate the line relay and get the dial 
tone. In connection with the voltmeter test the cut-off relay will 
be tested with minimum current to make euro that it pulls up and 
closes tip end ring. The moke busy resistance will also be tested for 
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continuity. 

It will also be necessary to malce a mechanical inspection 
and special tests of the line switches occasionally. 

Subscribers Sender Test Set (Automatic) Supply 2 

This test will be entirely automatic, so that when the 
test is started senders will be picked up one after another without 
any attention from the maintenance force so long as the senders meet 
the test successfully. When a sender fails to meet the teBt, the 
test is stopped automatically and an alarm given. 

Senders are picked up for test by special test sender 
selectors, these being in turn picked up by a master test selector* 

The circuit waits for a busy sender and gives an alarm in case the 
sender iB busy too long. 

The general operation of the testing circuit is to trans- 
mit to the sender pulses to represent those normally coming from the 
subscribers dial and to transmit to the sender reverse control pulses 
such as would normally come from selector commutators and to receive 
direct control call indicator pulses. 

The dial pulses will vary in speed to a somewhat greater 
extent than the limits set for subscribers dials. The conditions of 
subscribers line will also be simulated as to resistance, capacity and 
leakage . 

The reverse control pulses will be sent in by a rotating 
commutator working at about 20g above the normal speed and the sets 
will be sent very quickly one after another to detect any counting 
relays which fail to restore quickly. 
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The call indicator pulseB sent out by the sender will be 
received by relay call indicator relays which must match with the 
pulses sent out. 

The resistance and capacity of the trunk will be simulated, 
but no leakage is to be used, since trunk leakage should be negligible. 

The coin senders will be tested for coin collect and re- 
turn also. 

District Selector Test Set (Automatic) Supply 1 

This is an automatic test which normally operates without 
attention but stops and gives an alarm whenever a seleotor fails to 
meet the test. It also waits and measures off time whenever a busy 
selector is picked, giving an alarm if the time exceeds a predetermined 
limit, or by the throwing of a key can be arranged to skip busy 
districts. 

In order to pick up the district selectors, some of the 
rotary line switches supplied for subscribers 1 lines, will be used. 

One such test switch per group of 20 district selectors will be needed, 
the test switch being one near where the cable to the district se- 
lectors is attached, so that changes in the line switch multiple 
grouping will not be likely to throw two test switches within the same 
group. In order to pick up the various test switches, master test 
switches of the step-by-step type will be used. 

The automatic test operates as follows: When the start key 
is operated, a master test switch picks up the brush leads of the test 
line switch having access to the first group of district selectors to 
be tested. The test line switch then moves to the terminals of the 
first district selector in the group. The test apparatus then tests 
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the selector to see if it is busy. If it is not busy the test circuit 
is closed. This causes one of the regular senders in the office to 
become associated with the district under test. Pulses are then sent 
into the Bender by the test machine which Bet the registers to direct 
the call to a test group of trunks on the office selectors. The test 
group of trunks are cross connected to the test equipment at the main 
frame* 

All features of the district selectors are tested, such 
as coin collect, message register, reversal of the trunk and test of 
the polarized supervisory relay and repeating coil in and out. Two 
special office codes will be needed for this purpose. The polarized 
relay will be tested to operate on a minimum current value after a 
soak in the opposite direction. 

Pull Mechanical Incoming Selector Test Set (Automatio) Supply 2 
The automatic test of full mechanical incomings will be 
made at the outgoing office. Test switches will be provided for 
picking up such district selectors as are required to get accesB to 
all full mechanical outgoing trunks appearing on the district frames, 
and such office selectors as are necessary to get access to all full 
mechanical trunks appearing on the office frames. The test circuit 
causes the switch to pick up either a district or office selector, as 
the case may be. The selector is then caused to select the group of 
trunks to be tested, and will pick the first trunk in the group if it 
is not busy. If this trunk is busy the test circuit is not closed and 
the testing mechanism will wait for a measured time interval for the 
trunk to become idle. In case the trunk does not become idle within 
this period, an alarm will be given. By throwing a key the testing 
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mechanism can he made to skip busy trunks. 

When the trunk has been picked, the incoming selector is 
caused to make a selection to a group of lines uBed for testing in- 
coming selectoro appearing on the final multiple of the incoming 
office. These lines are 9992 to 9996 in Douglas and 5992 to 5996 
in Tyler, the 20th choice on the Tyler incomings being wired to the 
choice containing lines 5992 to 5996 so that the test set calls 9992 
for both offices. 

The test lines are provided v/ith test circuits capable of 
testing the ringing relays and the supervisory relays. The testing 
mechanism on these test lines will send back pulses to the testing 
circuit of the incoming selector in such a manner that if the ringing 
relays are tripped prematurely or fail to trip when the should or if 
the supervisory relay fails to operate or fails to fall off under the 
conditions of the test, the test circuit will be stopped and an alarm 
given at the outgoing office. 

When the test circuit indicates a trouble a maintenance 
man in the outgoing office will communicate with a maintenance man at 
the incoming end, specifying the trunk in trouble and the nature of the 
trouble as it appears to him. 

The district and office selectors used for this test are 
the regular district and office selectors which when not employed for 
testing can be used for ordinary calls. 

F inal Selector Tewt Set (Automatic) Supply 1 

This is an automatic test and makes use of the local in- 
coming selectors as a means of patching the final selectors to the 
automatic test apparatus. 

One local incoming selector having access to each sub-group 
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of final selectors is used for picking the finals* These incoming 
selectors, when not being used by the automatic test apparatus, perform 
the regular functions of local incoming selectors. Interoffice or 
cordless incoming selectors will be adapted for test purposes for 
picking those finals to which local incomings do not have access. 

Such interoffice or cordless incomings can be used for test purposes 
only. 


The incoming selectors assigned for this purpose are wired 
to the automatic test apparatus. In the final multiple the three top 
lines in the top bank in each group of 500 lines are assigned as test 
lines. The reason for using three lines is for the purpose of test- 
ing the private branch exchange group hunting feature of the final 
selectors. The test lines are cross-connected at the intermediate dis- 
tributing frame to the automatic test apparatus. Lines #97 & 98 have 
a permanent P.B.X. busy condition and line #99 when not in use on a 
test line, appears before the intercepting operator. 

The test is entirely automatic in action, the method of 
operation being us follows: Assuming the test to start in the first 
sub-group of final frame Ko.l, the test apparatus when the start key 
ir operated chooses the incoming selector having access to these 
final selectors and makes the incoming busy to regular calls. The 
test apparatus then make the brush and group selection, on the in- 
coming which in this case will be zero brush and group, and then causes 
the incoming selector to pick the first terminal in the group. If 
this terminal is busy, the test apparatus waits and counts off time. 

If at the end of a certain period this trunk is not released, an alarm 
is given so that an attendant can investigate and find why it is being 
held. This time interval can be 'cade whatever length is found necessary 
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The circuit can also be arranged bo that if a key is thrown the circuit 
will not wait for busy finale. 

The teet apparatus will either apply all six of the follow- 
ing tests, or only one depending on the way the keys ere thrown* 

If the final is not busy, the apparatus proceeds to send the 
final through brush, tens and units selection to the group of final 
multiple test lines. The test circuit hao control of the slceva wire 
of teet line Ho. 99. The first two test lines (Hos. 97 and 98) are 
made to test like buey P.B.X. lines. Line Ho. 99 v/hen not being used 
as a test line is carried to the intercepting operator. The following 
is a list of the test calls roads. 


Ho. called 
by test 
c kt . 

Test condition 
on line Ho. 99 

1-99 

Kegular line free 

2-99 

n w busy 

3-99 

First P.B.X. line free 

4-97 

Intermediate P.B.X. line free 

b - 97 

Last P.B.X. line free 

6 - 97 

hast P.B.X. line busy 


If at any time the final does not meet the condition set 
up in the test circuit an alarm is given and the final is held. 

After one final has been tested the local incoming selector 
is connected by the test circuit to the next in the group, etc. 

This operation continues until all finals appearing in the 
first incoming bank are tested. The cncoming selector is then re- 
turned to normal and again started, this time picking the second brush 
and repeating the test on all finals reached through the second bank 
in front of the incoming. 
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After testing in one sub-group another incoming in another 
sub-group is chosen* Where the number of such groups is different in 
the different choices arrangements are made not to test certain finals 
oltener than others* 

The test apparatus doce not test all brushes on the final 
selector* This could be done* but it Y/ould require test lines in 
each band* To test each brush* it is planned to use the portable se- 
lector test set* This box will be equipped with keys so that the 
test man can cause the selector to make tens and units selection on 
each brush* 

frequency of T ests 

The frequency with which a routine should be made is deter- 
mined by a balance between the cost of making the routine, the amount 
of trouble found* and the seriousness of the trouble as regards its 
reaction on the service. The results of the routine tests should 
therefore be examined critically from time to time to decide whether 
the frequency should be changed. 

The following frequencies are suggested as being reasonable 


to start with: 

Routine Test* 
Patching Cord 
Switchboard Cord 



Office Selector 

Cordless "B 11 Incoming Selector 
By Traffic Dept* 

Cordless f 'Yi* Incoming Selector 
By Maintenance Dept, 

Cordless W B‘’ Sender (Automatic) 

Subscribers Bine 

* Sender (Automatic) 

-District Selector 
(Automatic ) 


Frequency 
As for manual 

ff n «* 

Monthly 

Daily 

Monthly 

See Note A 
See Rote B 
See Koto A 

n m m 
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Routine Test 

Hull Mechanical Incoming Selector 
(Automatic ) 
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See Hote A 


Final Selector (Automatic) " * " 

Operators District Selector Monthly 

Hote A. Since it costs very little to keep the automatic 
tests running, they should he kept in operation continuously except 
during the busy hours. 

Hote B. The portion of this routine which tests the sub- 
scriber's line should be performed at the frequency used in manual 
equipments for this test, say - 

Line Insulation Weekly 

Breakdown, winter Every 3 month* 

M summer Monthly 

With extra tests after electrical 
storms 


The test of the subscribers line 
switch should be done 


Monthly 


Records 


Manual Routines 

In order to remind him when the routines to be carried out 
manually should be started, the chief switchman will keep a “tickler 
file" consisting of cards, showing the various routines and the dates 
on which they should be started. 

The chief switchman shall issue at the proper time to the 
man who is to do the work a sheet like the attached sample entitled 
“Machine Switching Routine Tests." 

In general trouble discovered by routines will be cleared 
up immediately and touting tests, if necessary, made on the equipment 
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to make sure that the action taken has removed the trouble. 

It will, however, be necessary occasionally to refer troubles 
to the apparatus man or relay man. Under these conditions the tester 
should make the apparatus busy and write a ticket, as per sample 
attached to Div # B Sec, VI, giving the location and appearanca of 
the trouble. These tickets when several have been collected, will 
be turned over to the apparatus or relay mjn. These tickets do not 
form part of the numbered series of tickets made out at the trouble 
desk since they are not troubles which have been encountered by ser- 
vice calls. The apparatus or relay men after clearing troubles 
should report to the man making the tests so that the action taken 
can be entered on the "Routine Teste" form. 

These tickets form part of the records of the apparatus 
man or relay man and are turned in by them to a clerk who enters 
them on the reports entitled "Summary of Troubles Cleared." 

The purpose of these records is largely to show whether 
enough trouble is found to justify the time spent, i.e., whether the 
frequency of the routines is right. The Chief Switchman should, there- 
fore, keep informed as to how much time is spent on each routine. 

The time which can be justified will vary. More troubles will 
probably be found just after cutover because the apparatus is new and 
because fewer calls are handled at this time by each piece of equip- 
ment, and therefore a larger percentage of trouble is to be expected 
from dust and poor contacts. 

The chief Bwitchman will keep a record showing the pro- 
gress of these manual routines on a form similar to the one attached 
labeled "Machine Switching Progress Record." 
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Automatic Routines. 

Since the automatic routines vill be in operation daily it 
will not be necessary lor the ehief switchman to issue sheets every 
day, but he will merely delegate the duty of supervising these tests 
to the proper people. 

The routine teste made automatically are kept track of 


as follows: 

Each automatic test set is supplied with meters which tell 
the number of units (that is, selectors or senders) tested, the 
number of units passed over because busy, the number of individual 
tests made and the number of complete cycles of tests. 

It will be necessary to get out a special form for report- 
ing these tests showing the date, the meter readings just described, 
the appearance of any troubles encountered and the causes of the 
troubles found. 

Troubles encountered will be handled in just the same way 
as described for the routine tests done manually. 

These forms should be turned in daily to the chief 
switchman, and, therefore, he will need no other progress records. 

The main purpose of these records is to show whether the 
frequoncy of the tests is right. The routine testing apparatus if 
run almost continuously is subject to considerable wear, and if very 
little trouble is being discovered, it can be kept idle for longer 
periods. 
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Machine Switching Routine Tests 


Office 


City 


•Issued Date— —19— 


TEST OP 


Completed-Date— — — — — 19 — 

By 


Poe. 

Prams, or Bay Unit Trouble Pound Q.K, By 


Ho ted 


Chief Switchman 


V 
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MACHINE SWITCHING 

PROGRESS RECORD 

Record of ------- 

WAVERLY OFFICE 


-192- 


Diet. Date 

Cdlees 

& 

Same Inc’s Date Name 

Finals Date Name 

FinalB Date Name 

3 

1-F 

1-F 

16-F 

4 

1-R 

1-R 

16 -R 

5 

2-F 

2-F 

17-F 

6 

2-R 

2-R 

17 -R 

7 

3-y 

3-F 

18 -F 

6 

3-R 

3-R 

18 -R 

9 

4-y 

4-F 

21-F 

10 

4— R 

4-R 

21 -R 

>11 

5-F 

5-F 

22 -F 

12 

5-R 

5-R 

22 -R 

13 

6-F 

6-F 


14 

6-R 

6-R 


15 

7-F 

7-F 


16 

7-R 

7-R 


17 

8-F 

8-F 


16 

8-R 

8-R 


19 

9-F 

9-F 


20 

9-R 

9-R 


21 

10-F 

10-F 


22 

10-R 

10-R 


23 


11 -F 


24 


11-R 


25 


12-y 


26 


12 -R 


27 


13 -F 


26 


13-R 


29 


14 -F 


30 


14 -R 


31 


15 -F 


32 


15 -R 



REMARKS: 
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IMPORTANT 

Wherever there is a discrepancy between the values for 
inspecting, testing, or adjusting, shown in Sections VIII, IX, 

X, and XI of this bulletin and the Method of Operation sheets, the 
values given on the Method of Operation sheets shall be considered 
the standard ones for use in maintaining the central office. 
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DIVISION b 


yuio. mechanical oyyiCKs 


Section X - Routine Inspections. 


Routine Inspections shall be done by the apparatus 
man and helpers as follows: 

Sequence 3w itches. 

(a) General 15 Min. per Sw. Annually 

( b j Drive Plates 3 Min. " * Monthly 


Selector 3-Panel Type Tine Required frequency 


Multiple Brushes 

1 

Min. 

per 

Br. 

) 

i 


Commutator Brushes 

1 

Uin. 

per 

Br. 

/ 

) 







i 

4 Min. Annually 

Trip yingers 

1 

Min. 

per 

Br. 

> 


Commutators 

1 

Min. 

per 

Com 

j 


12jo Type selector 

15 

Min. 

per 

Sw. 


Annually 

1202-C Type Selector 

15 

Min. 

per 

3w. 


Monthly 

Interrupters 

5 

Uin. 

per 

3w. 


Monthly 


Routine work shall be done by helpers and lower grade 
switchmen as follows:- 


Tine required _ 

Cleaning commutators 1 Min. per Con. 


"renuenoy 

See Note 


Note: The frequency will vary according to the 

humidity from once per day in very humid weather 
to once a month when the building is heated. 
Chamois or sheepskin shill be used. Par method 
of sanding commutators see Div. 13, dec. XIII. 
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Following are instructions for inspecting the various 
parts of the switching equipment. The instructions tell what 
features to inspect and that to do in case abnormal conditions 
are found. 

The features which are to be inspected are those which 
experience indicates are moat likely to need attention. A more 
complete list of adjusting req 'irenonts covering all adjustments 
which are likely to be made by the maintenance forces is given 
in Div. 3. Sec. VIII. 

If on inspection it is necessary to replace any parts, 
instructions for replacing will be found in Div. B # Sec. XII. 
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Sequence .britches 


Adjustment and Inspection of Seque n ce Switch Dr ire Plate s , , 

First: Make sure the circuit of the switch to he adjusted 
is made "Busy* then remote the fuses which are individual to the cir- 
cuit. 

Second: Examine the contact surface of the driving and 

driven plates which should he completely covered with a good friction 
surface and free from bright spots. On a alow or slipping switch, 
whenever any part of the driving surface of a plate is bright it should 
he thoroughly cleaned by rubbing with a piece of cheese-cloth soaked 
in carbon-tetra-chloride after which water should be applied a drop 
at a time, then allow switch to stand idle until rust appears. Several 
applications of water may be required to form a coating of rust on 
this surface, but excessive rust should be avoided. 

If there is any indication of oil or grease on a plate 
it should be thoroughly cleaned, using a piece of cheese-cloth soaked 
in carbon-tetra-chloride. Special attention should be given to the 
driving plates directly above and below the driving shaft bearings as 
oil from these bearings will sometimes work its way up and down on 
the surface of the shaft to the plates. Inspect top and bottom sur- 
faces of these plates for any traces of oil or grease. 

Any loose rust, dust or dirt found accumulated on top 
of the driving plate should be removed by U3ing a piece of cheese-cloth 
soaked in carbon- tetra-chloride. 
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When cleaning platen two changes of cloth are a necessity, 
one to be used for a rough cleaning and the other to finish with. 

Do no t touch the contact surface of the plate3 with the 
hands as the oil from a person^ skin is sufficient to cause a di3C 
to slip. 

Note: ?or cleaning sequence switch plates use only earbon- 

tetra-ohlor ide designated as "Technical*. This should 
be free from oil or grease and can be tested by wetting 
the hands or fingers with it, when it should quickly 
evaporate and leave the skin a mottled fhite. 

Third: In an assembled switch the c*ua shaft bearing pin 

should be so adjusted as not to bind i.e. the cam shaft should have 
about .003" end play in its bearings. This can best be adjusted 
by setting the bearing pin so as to leave no end play =md partly 
tighten the clamping screw, then tap the end of switch frame, which 
is holding the bearing pin, with a screw driver until the desired 
amount of end play is obtained. Tighten clamping « crew securely and 
again check the end play %3 the bearing pin will sometimes move when 
tightening the clamping screw. Then inspecting for end play, just 
enough pressure 3lk>uld be put on the shaft to overcome the pressure 
of the switch springs but not enough to spring the frame. 

fourth: Inspect the driven disc for running true. This is 

done by rotating the switch by hand and at the same time noting the 
gap between the driving and driven discs. The driven disc is adjusted 
by bending the spider, but, before doing so, note the air gap between 
the driven disc and the switch f raise, which should be from .024" to 
.034", if the gap i3 large bend spider toward the "It" magnet, while 
if it is found to be small bend spider toward the cams of switch. 
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Fifth: Inspect for air gap between the driving nnd driven 

discs. The best way to determine the correct gap between these 
discs is by the eye, using gauge only occasionally to check the eye. 
Hold a lamp so that it illuminates the top mounting ear of the switch 
directly below the one to be adjusted, but shielded from the eye; 
then place eye in line with the surface of \><s driven disc and sight 
through the gap toward the illuminated ear (the ear being galvanized 
forms a light back-ground, when there is no switch mounted directly 
underneath the one to be adjusted use a piece of white paper for a 
back-ground) . No* revolve the switch and note the air gap. This 
gap is adjusted by moving the whole switch frame. The gap between 
the driving nnd driven discs shall be as small as possible without 
touching with the driving shaft and sequence switch in any position 
about thin axes and shall not be more than .020" (gauge #55) when 
the shafts are in the .positions which bring the discs farthest apart. 
The vertical driving shaft should be revolving while adjusting the 
gap between discs. 

Note: on routine inspection do not change the adjustment 
until the discs rub together or the gap between discs 
exceeds .020". 

Sixth: The driving disc should be set on the vertical 

shaft so that it does not come in contact with the magnet shoe and the 
maximum gap between the closest point on magnet shoe and disc shall 
be .olu" (gauge #53). 

Seventh: Short-circuit the "A" com contact springs by 
inserting the "A" cam short circuiting tool, #218. Then replace the 
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fuses and alio* the switch to revolve a few minutes for the purpose 
of grinding in the contact surfaces of tho driving and driven plates. 

Before removing the short circuiting tool, apply slight 
friction to the switch by placing a finger on tho index plate to 
see if this will cause any appreciable slipping between the driving 
and driven plates. Yhen there is found to be any slipping the condi- 
tion of the plates and their adjustment must again be checked and the 
cause for the slipping eliminated. 

Inspection ani Adjustment of Sequence switch Springs. 

The following inspection and adjustment of sequence switch 
springs should be made in the order given. 

Note: The edge of cam which first comes in contact with 

the spring when the switch is rotated, will bo called 
the front edge and the ec^ge of cam they break from 
will be called the rear edge. 

Cams should be centered between springs on each side 
of them. Adjustment is made by moving the spring assembly. 

Rotate switch and, whenever the springs are on the 
insulation part of the cams, there should be a good clearance be- 
tween the inner springs and the inner or outer radius of the inner 
cam cutting and also, between the outer springs and the inner radius 
of the outer cam cutting, to preclude the possibility of the springs 
making false contact with the cams. Adjustment to be made by moving 
the springs in the spring assembly. After moving a spring it will 
be necessary to tighten the screws in the assembly, which may be 
done either by the use of an off-set screw driver or by removing the 
bracket from the frame while tightening the screws. 
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Inspect all contact springs for tension which should be, 
minimum 3u, maximum 45 grams, nr hen in contact with the natal part 
of cam. yor adjusting tension of the inner springs use the No. 

235 tool, for adjusting the tension of the outer springs use the 
No. 256 tool. Use care so as to not bow the eurings. 

Note: Make a small pick about 6 inches long, out of 

a piece of wood or fibre, to be used for inspec ting 
tension of contact springs. Hold pick in the hand 
as a lead pencil and with the pointed end near the 
contact portion of the spring, lift the spring away 
from the cam. The spring tension, from 30 to 45 
grams, can readily be determined by the sense of 
feeling, after a little practice. >'or the purpose of 
acquiring a good judgment of the correct tension, 
test a few springs by using the No. 68 gauge, and 
after testing each soring use the pick and feel their 
tension. Unless sequence 37 / itch has a tendency to 
3lip it will not be necessary to reduce the spring 
tension to 45 grams. 

To inspect the adjustment of springs and cams in reference 
to making and breaking contact; (1) Move switch until the center of 
the •A* spring is on the front edge of the *A* cam and then note the 
amount of contact the springs have on all other cams which break 
from a regular cutting in the position vthich the switch is now being 
moved out of. (2) Move switch until the center of the *A* spring 
is on the rear edge of the "A* can and then note the amount of con- 
tact all other springs have on cams which make on a regular cutting 
in the position which the switch is now being moved into. Make 
this inspection on several positions of the switch. The amount 
of the average contact which the springs have on the cams in the 
first test should be approximately the same as in the seoond. ’Nhen 


- 8 - 

Bulletin No. 17 T)ir . B 

Section X Routine 
Inspections* 
12 / 1/20 

Douglas * Tyler, 

Omaha* 

it ie found that they are not equal, adjust by bending the •A" 
contaot spring so as to bring its contact portion forward or back 
as the esse may be. Bend the "A" spring only at its angles and 
be sure to leave it with proper spring tension* 

Make a check to see that the springs make and break con- 
tact correctly with each cam cutting. To do this start with the 
switch in the first position and move it forward until the center 
of the ’•a*' spring is on the front edge of the "A" cam; with switch 
in this position all cams from "B w to »Y" inclusive, which are cut 
in Position 1, should make contact with their respective springs. 

This may be checked, in order to determine whether any spring has 
broken contact with its cam, by delicately attempting to turn the 
switch in the reverse direction. Great care must be exercised in 
moving the switch backward, since any spring which may have broken 
contact with its cam will tend to arrest backward rotation and will 
consequently be damaged by further movement. This tendency to 
impede the reversing of the switch permits the spring to be located 
and adjusted. Now move the switch forward again until the center 
of the contact portion of the "A* spring is on the rear edge of the 
"A" cam; with switch in this position all cams from "B" to *Y m in- 
clusive, which are cut in position 2, should make contact with 
their respective springs. 

The making and breaking of contact springs on cams having 
1/4 or 1/2 cuttings can be checked by the eye, knowing the position 
of the springs on a cam having a regular cutting it will be seen that 
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a cam which proceeds with a l/4 cutting should make 5 degrees, or 
1/2 the width of a regular cutting, sooner than a cam having a 
regular cutting, etc. 

Repeat the above operation through .all positions in which 
the "A* cam is cut. Adjustments may be made by a slight bending 
of the springs but if much bending would be required the cam should 
be moved on a shaft instead. When it is found necessary to move 
a cam on the shaft the cron clamping nut should be slightly loosened 
by holding the index plate with the Ho. 203 tool and turning the 
nut with the aim clamping nut wrench, the lio. 236 tool. Hold adja- 
cent clumps and move the cam desired. After setting cam in the 
proper position, hold clamping nut with wrench and tighten by 
turning the index plate until spring on wrench i3 compressed about 
1/8 *. Use care so as to never move the switch backward as thin 
may damage the springs. Whenever a com has been moved or a spring 
adjusted on a switch then all positions, in which the '•A* cam is 
cut, must be rechecked. 

With the roller of the "A* spring in the corrugation of 
the cam, the front edge of the H A* contact spring should clear the 
rear edge of the •A* cam minimum .017 * ( the thickness of the "A* 
contact spring) maximum .034* (twice the thickness of the contact 
spring) . It is preferable to have the above adjustment in the 
minimum clearance. This adjustment is made by bendinj* the roller 
spring using the "A* cam roller spring adjusting tool, Ho. 215. 

The tension of the roller spring should be from 400 to 
600 grams. To check this spring tension use the Ho. 64 gauge. 
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Rotate switch by hand to see if the "A* roller revolves 
freely; if it does not turn or appears to be dry, apply a small 
quantity of watch oil at the top of the roller bearing. Apply 
the oil with a sharp po inted tooth-pick and use great care so as to 
not leave any oil on the top surface of the roller or allow any to 
run through to the bottom of the spring. 

A small amount of oil may also be applied to the right 
hand end cam shaft bearing if it appears to be dry. 



Multiple ^ru3h and Commutator Brush Inspection and Adjustment 

^strict "and Office Frames 

1. Check .adjustment of brush guide above first brush. 

It should touch, without binding, on the side of trip 
rod which is nearest the multiple bank and clear on 
other 3ides by approximately l/32". Necessary adjust- 
ment may be made by bending the guide slightly. 

2. Raise elevator until pawl engages the sixth notch from 

top of rack. 

2-A: Make a check to see that all multiple brushes are approxi- 
mately centered on the first set of multiple bank terminals. 
(Operation "-A to be performed only when any of the brushes 
have been taken out and replaced, and is for the purpose 
of seeing that they are properly set in relation to the 
notches in rack. No accurate adjustment need be nude at 
this time; . 

2-B: Check the adjustment of the down stop collar, the gauge 

No. 72 should just pass between the collar and elevator 
rod bearing. 

3. Lower elevator until pawl engages fifth notch from top of 

rack, and adjust the commutator brush, very accurately, so 
that the center of the cont *ct portion of the *A* spring 
is in line with the top edge of the 5th rt A" commutator 
segment. Adjustment to be made by moving the brush up 
or down on the elevator rod. U«e tool #220. 
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4. liaise elevator until brushes, when tripped, will make con- 
tact with multiple bank terminals #50 (read index number 
on rack) . 

4-A: Adjust the *C* 3pring of the commutator brush, very accurately, 

so that the top edge of its contact portion coincides 
with the bottom edge of the commutator segment. Necessary 
adjustment to be made by bending the contact end of spring. 

It is important to have the contact portion of the spring 
parallel with the commutator segments so as to give the 
correct length to the opening of the circuit while the 
brush is passing over the insulation. Use the #224 tool in 
making commutator springs adjustments. 

4-B: Adjust the *B* spring of the commutator brush so that the 

bottom edge of its contact portion is maximum .030* 
minimum .010* above the top edge of *13* commutator segment. 
Necessary adjustment to be made by bending the contact 
end of spring. 

4-C: Check commutator brush springs for tension which should be 

from 30 to 60 grams. For adjusting spring tension use tool 
No. 224. 

Note: Make a small pick, about 6 inches long, out of a piece of 

wood or fibre, to be used for checking tension of contact 
springs. Hold pick in the hand as a lead pencil, and 
rith the pointed end near the contact portion of spring, 
lift the spring away from the corarcuta tor. In this way 
the proper tension can readily be determined by the sense 
of feeliug. After a little practice. For the purpose 
of acquiring a good judgment of the correct tension, test 
a few springs by using gauge No. 68, and after testing 
each spring use the pick and feel of their tension. 

4-33: Adjust multiple brushes to have the tip and ring springs 

centered on the terminals, the top edge of the left-hand 
sleeve spring to be in alignment with the bottom edge of 
sleeve terminal next above the one with which the spring 
is in contact, and the bottom edge of the right-hand 
sleeve spring to be in alignment with the top edge of 
sleeve terminal next below the one with which the spring 
is in contact. A multiple brush should be adjusted for 
height by loosening the clamping screw with tool #220 
slightly and moving the brush as a whole on the elevator 
rod by tapping it, however, if one or two of the spring© 
do not line up with the others, adjust by looaeding the 
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individual airing with a screwdriver. 

> 4-S: 

At the same time brush is adjusted for height it should 

( 

also be set so that the space between brushes ond ter- 
minals on right-hand side is the sane as between brushes 
and terminals of the left-hand side when brush is not 
tripped. 

4-7: 

Check multiple brushes for depth of contact; they should 
make contact with the terminals not less than l/2 the 
width of the fibre shoe and not more than the full width* 
Variations in thi3 contact may be due to a bent elevator 
rod. 

4-G: 

Check all brushes for spring tension which should be minimum 
30, maximum 45 grans. It is important to have the tension 
of all springs on a brush approximately the same, an a 
brush having unbalanced spring tension may cause false 
closures in other panels through twisting the elevator 
rod. Measure tension with Gauge No. 68. 

5. 

) 

ix>wer elevator until pawl engages the first notch from 
top of rack, and adjust for height the horizontal part 
of the #u trip finger to clear trip levjr of the ^0 
brush by approximately l/32* when the finger engages 
the trip lever. Adjustment is made by bending the trip 
finger. 

5-A: 

Raise elevator until pawl engages the second notch from 
top of rack and adjust trip finger fil in accordance with 
operation ;/5. 

5-B: 

Raise elevator until pawl engages the third notch from 
top of rick and adjust trip finger #2 in accordance 
with operation #5. 

5-0: 

Raise elevator until pawl engages the fourth notch from 
top of rack end adjust trip finger #3 in accordance with 
operation #5. 

5-D: 

Raise elevator until pawl engages the fifth notch from 
top of rack and adjust trip finger #4 in accordance 
with operation ^5. 

6. 

Trip armature, when in the operated position, should clear 
the rick by approximately 1/32*. Adjustment is made by 
bending the trip armature. 

6-A; 

The trip lever »t bottom of trip rod should dear the top 
alutch locating plate by .020". (gauge #55j Adjustment 
is made by loosening the clamping screw and moving the 
lever on trip rod. 
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7. Lower elevator until pawl engages second notch from top of 

rack, and check to sec that trip finger j/k) has an equal 
clearance between itself and trip lever of #0 brush and 
also, between itself and sleeve brush spring at nearest 
point in the normal nnd in the operated position. To 
equalize the clearance, adjust by either shifting the trip 
lever on the trip rod or by bending the n mature ac the 
esse n*y require. (Use care to leave the adjustment ns 
per operations £6, ft 6-A. *hen it is found that there is 
not sufficient clearance between the trip finger and the 
trip lever then adjust by increasing the trip armature core 
gap, which will increase the travel of the trip fingers, 
while if there is not sufficient clearance between the trip 
finger and sleeve springs of brush then reduce this gap* 

8. Raise elevator until pawl, engages third notch f r top of 

rack, and adjust trip finger #1 for equal clearance be- 
tween itself and trip lever of brush rfl and also between 
itself and sleeve brush spring nearest point in the nor- 
mal and in the operated positions. Ad Jus tments of trip 
fingers #1, 2, 3 ft 4, are made by bending the trip finger 
stop on trip rod with a small screw driver or sharp nosed 
pair of pliers. 

8-A: Raise elevator until pawl engages fourth notch from top of 

rack and adjust trip finger #2 in accordance with operation 

rfa. 

8-B: Raise elevator until pawl engages fifth notch from top of 

rack and adjust trip finger #3 in accordance with operation 

# 8 . 

8-C: Raise elevator until pawl engages sixth notch from top of 

rack and adjust trip finger #4 in accordance with operation 

# 8 . 

9. Raise elevator until pawl engages last notch in rack nnd 

adjust stop collar to allow a clearance of 1/32* between 
collar and bearing plate. 

10. Lower elevator until pawl engages first notah from top of 
rack. Operate trip and up drive armature by hand. See 
that #0 brush trips properly and that on}y the jfi) brush 
t; ipe. Operate down drive armature by hand nnd nee that 
the bru 3 h restores with a snap when elevator returns to 
the normal position. 

10-A; Raise elevator until pawl engages second notch from top 

of rack and check #1 brush in accordance with operation #lu. 
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lO-B: Raise elector until pawl engages third notch frora top 

of rack and check #2 brush in accordance with operation 

no. 

10 -C: Raise elevator until pawl engages fourth notch frost top 

of rack and check #3 brush in accordance with operation 

# 10 . 

10 -D: Raise elevator until pawl eng age 3 fifth notch front top 

of rack and check #4 brush in accordance with operation #10. 


15 
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Multiple Brush and Commutator Brush Inspection and Adjustment 

Local and Interoffice Incoming Frames. 


1: Check adjustment of brush guide above first brueh. It 

should touch, without binding, on the aide of the trip 
rod which is nearest the multiple bank and clear on other 
aide3 by approximately 1/32*. Necessary adjustment may 
be made by bending the guide slightly. 

2 : Raise elevator until pawl engage 3 sixth notch from top of 

rack. 

2-A: Make a check to see that nil multiple brushes are approxi- 
mately central on the first set of multiple bunk terminals. 
(Operation 2-A to be performed only when any of the brushes 
have been taken out and replaced and is for the purpose of 
seeing that they are properly set in relation to the 
_ notches in rack. Ho accurate adjustment need be made at 
this tine.) 

2-B: Check the adjustment of the down-stop collar, the gauge 

Ho. 72 should just pass between the collar and the 
elevator rod bearing. 

3: Raise elevator until pawl engages notch #50 in the rack, 

and adjust the commutator very accurately, so that the 
center of the contact portion of the *A* spring is in line 
with the top edge of the commutator segment. Adjustment 
to be made by moving the brush up or down on the elevator 
rod. 

4-A: Adjust the *C* spring of the commutator brush very accurately 
so that the top edge of its contact portion coincides with 
the bottom edge of the commutator segment. Necessary ad- 
justment to be made by bending the contact end of spring. 

It is important to have the contact portion of the spring 
parallel with the commutator segments so as to give the 
correct length to the opening of the circuit while the 
brush is passing over the insulation. Use the #224 tool 
in making commutator spring adjustments. 

4-B: Adjust the *3* spring of the commutator brush so that the 

lower edge of its contact portion is not less than .010* 
nor more than .030* above the top edge of the fifth com- 
mutator segment. Necessary adjustment to be made by 
bending the contact end of spring using tool #224. 
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4-C: Check the commutator springe for tension which should be 

minimum 30, maximum 45 grams. For adjusting spring tension 
use tool No. 224. 

Note: To check tension of springs u.se small pick and test 

by feeling tension in the same manner as described for dis- 
trict and office frames. Occasionally check tension with 
gauge #68. 

4-D: Adjust all multiple brushes, trip finger, etc., and check 

adjustments in the manner described for multiple brushes on 
district and office frames. 
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Multiple Brush md Commutator Brush Inspection und Adjustment 

ffinal Frames. 


1: Check Adjustment of the brush guide above first brush. 

It should touch, without binding, on the side of trip 
rod which i3 nearest multiple bank and clear on other 
sides by approximately l/32*. Necessary adjustment may 
be made by bending the guide slightly. 

2: Raise elevator until pawl engages 3ixth notch from top 

of rack. 

2-A: Make a check to see that all multiple brushes are ap- 
proximately centered on the first set of multiple bank 
terminals. (Operation 2-A to be performed only when any 
of the brushes have been taken out rand replaced, and is 
for the purpose of seeing that they are properly act in 
relation to the notches in rack. No accurate adjustment 
need be made at this time} . 

2-B: Check the adjustment of the down-stop collar, the gauge No. 
72 should just pa38 between the collar and elevator rod 
bearing. 

3: Lower elevator until paarl engages fifth notch from top 

of rack, and adjust the commutator brush, very accurate- 
ly, 30 th^t the center of the contact portion of the ■•A* 
spring is in line with the top edge of the 5th ’’A” com- 
mutator segment. Adjustment to be made by moving the 
brush up or down on the elevator rod. 

4: liaise elevator until brushes, ?hen tripped, will make 

contact with multiple bank terminals #50 (read index 
number on rack) . 

4-A: Adjust the *C* 3pring of the commutator brush, very 
accurately, 30 that the center of its contact portion 
is in line rith the top edge of the *C« commutator seg- 
ment. 

Necessary adjustment to be made by bending the contact 
end of spring. 

4-B: Adjust the spring of the commutator brush so that the 

bottom edge of its contact portion is maximum .010 * 
abov^ the top edge of the *B * commutator segment. Neces- 
sary adjustments to be made by bending the contact end of 
spring. 
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4-C: Check commute tor brush springe for tension which should 

be minimum 30, maximum 45 grams. For adjusting spring 
tension use tool Ro. 224. 

Note; Make a smell pick, about 6 inches long, cut of a 
piece of rood, or fibre, to be used for checking tension 
of contact springs. Hold pick in the hand ns a lend 
pencil, and vifch thp pointed end near the contact 
portion of the spring, lift the spring away from the 
commutator. In this way the proper tension can readily 
be determined by the ^ense of feeling, after n little 
practice. For the purpose of acquiring a good judgment 
of the correct tension, test a few springs by using gauge 
No. 68 and after testing each spring use the pick and feel 
their tension. 

4-D: Adjust all multiple brushes so that they center on the 

multiple bank terminals. A multiple brush should be 
adjusted for height by loosening the clamping screw (tool 
#220) slightly and moving the brush as a whole on the elevator 
rod by tapping it. 

4-E: At the same time brush is adjusted for height it should 

also be set so that the space between brushes and terminals 
on right hand 3id<? is the same as between brushes and 
terminals of the left-hand side when brush is not tripped. 

4- T: Check all brushes for coring tension, which should be maximum 

45, minimum 3u grams (see note following operation r4-C 
for the method of checking spring tension) . It is important 
to have the tension of all springs on a brush approximately 
the same as a brush having unbalanced spring tension may 
cause false closures in other panels through twisting 
the elevator rod. Adjust tension with tool #256. 

5: Lower elevator until pawl engaged the first notch from top 

of rack, and adjust for height the horizontal part of the 
#0 trip finger to clear tri, lever of the #0 brush by 
approximately 1/32* when the finger engages the trip 
lever, adjustment is made by bending the trip finger. 

5- A: Raise the elevator until pawl engages the second notch 

from top of rack and adjust trip fingers #1 in accordance 
with operation #5. 

5-B: Raise elevator until pawl engages the third notch from 

wp of rack and adjust trip finger #2 in accordance with 
operation #5. 
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5-C: Raise elevator until pawl engages the fourth notch from 

top of rack and adjust trip finger #3 in accordance with 
operation #5. 


5-D: Rstse elevator until pawl engages the fifth notch from 

top of rack and adjust trip finger #4 in accordance with 
operation #5. 


6; Trip armature, when in the operated position, should clear 

the tack by approximately l/32*. Adjustment is made by 
bending the trip armature. 


6-A: The trip lever on trip rod should clear the top locating 

plate by .020* ( gauge Wo. 55). Adjustment is made by 
loosening the clamping screw and moving the lever on the 
trip rod. 

6-B: Check to see that the forward end of trip armature does not 

slip over or under the trip lever. Adjustment is made by 
bending the trip armature. 

7: Lower elevator until pawl engages econd notch from top of 

rack and check to see that trip finger #0 has an equal 
clearance between itself and trip lever of the #o brush 
and also, between itself and sleeve brush spring at nearest 
point in the normal and in the operated position. To 
equalise the clearance adjust by either shifting the trip 
lever on the trip rod or by bending the armature as the 
case may require. (Use care to leave the adjustment as 
per operation ?*6 and 6-A) . When it ia found that there 
is not sufficient clearance between the trip finger and 
the trio lever adjust by increasing the trip armature 
gap, which will increase the travel of the trip finger, 
while if there is not sufficient clearance between the 
trip fi/iger and sleeve springs of brush then reduce the 
trip armature gap. 

8: Raise elevator until pawl engager third notch from top of 

rack and adjust trip finger for equal clearance between 
itself and trip lever of brush #1 and also between itself 
and sleeve brush spring at nearest point in the normal 
and in the operated positions. Adjustments, of trip fingers 
#1, 2, 3 and 4, are made by bending the trip finger stop 
on trip rod with a small screw driver or sharp nored pair 
of pi iers. 

8-A: Raise elevator until pawl engages fourth notch from top of 

rack end adjust trio finger ,?2 in accordance with operation 

# 8 . 

8-B: Raise elevator until pawl engages fifth notch from top of 

rack and adjust trip finger #3 in accordance with operation 

# 8 . 


r 
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8-C: 



10 : 

10 -A: 


10 -C: 

(4 

10 -D: 


Raise elevator until pawl engages sixth notch from top 
of rack and adjust trip finger #4 In accordance with 
operation # 8 . 

Raise elevator until pawl engages Inst notch in rack and 
adjust 3 top collar to allow a clearance of l/32" between 
collar and bearing plate. 

Lower elevator until pawl engages first notch from top 
of rock, operate trip and high speed up drive n mature 
by hand. f>ee that #0 brush trips properly and that only 
jk) brush trip 3 . Operate down armature by>nnd and see 
that brush restore-! with a *nap when elevator returns 
to the normal position. 

Raise elevator until pawl engages second notch from top 
of rack and cheek #1 brush in accordance with operation 
# 10 . 

Raise elevator until pawl engages third notch from top 
of rack and check $2 brush in accordance with operation 
# 10 . 

Raise elevator until pawl eng'*S«* s fourth notch from top 
of rack and check #3 brush in accordance with operation 
#lu. 

Raise elevator until pawl eng ft £ eB fifth notch from top 
of rack and check #4 brush in accordance with operation 
$ lo. 


8-C: 



10 : 

10 -A: 


10 -C: 

10 -D: 
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RECORDS 


In carrying out any one of the inspections, an inspection 
of the aelectors, for example, at the proper time the Chief Switch- 
man gives the apparatus man a form like the somple attached entitled 
"Machine Switching-Routine Inspection" showing the work to be done. 

As the apparatus man completes the inspection of the different 
selectors on a frame he checks off the corresponding number on the 
form. He keeps a record on the back of the form of the number of 
different pieces of apparatus requiring adjustment and if he finds 
any piece of apparatus which mu3t be repaired or changed he makes 
a ticket to be turned over to the plant clerk for record as described 
under "Trouble Records". 

The relay man in making the ti -annual mil-ammeter check 
of relays will also be given at the proper time by the Chief Switch- 
man a "Machine Switching Routine Inspection" sheet. T ne relay man 
will use tluc sheet in the same manner as described for the apparatus 
man making tickets only for relays repaired or changed, and keeping 
a record on the back of the form of the number of relays of different 
type adjusted. The tickets are turned over daily to the plant clerk 
for record as noted under "Trouble Records". 

The main purpose of these records is to determine whether 
the inspections are being done at the proper frequency i.e. whether 
enough pieces of apparatus are found to require adjustment or repairs 
or replacement to justify the time spent. 

A sample form for subscribers line switches, to be used in 
the some manner is also attached. 
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The Chief Switchman rill keep a form similar to the one 
attached to Section VII. labeled "Progress Record 4 which contain® 
a list of all the frames in the office. He will keep one of these 
sheets for each inspection and will enter the progress of the in- 
spections as they are reported on the "Routine Inspec tions* sheets. 
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MACHINE SHITCHIHO 

gHuQRHSS Ri-iCOHD 

Record of 

WAVKR1Y OTHICK 192 


* 




Dist. 

Cdless 

ft 

Name Finnic 3nte Wane Finals Date Name 

3 

1-7 

1-F 

16-7 

4 

1 -R 

1-R 

16-R 

6 

2-7 

2-7 

17-7 

6 

2-R 

2-R 

17 -R 

7 

3-7 

3-7 

18-7 

8 

3-R 

3-R 

18 -R 

9 

4-? 

4-F 

21-7 

10 

4-R 

4-R 

21 -R 

11 

5-7 

5-7 

22-7 

12 

5-R 

5-R 

22-R 

^3 

6-7 

6-F 


14 

6-R 

6-R 


15 

7-F 

7-y 


16 

7-R 

7-R 


17 

8-F 

8-7 


18 

8-R 

8-R 


19 

9-F 

9-7 


20 

9-R 

9-R 


21 

10-F 

10-7 


22 

10 -R 

lO-R 


23 


11-7 


24 


11 -R 


25 


12-7 


26 


12-R 


27 


13-7 


28 


13-R 


29 


14-7 


30 


14 -R 


31 


15-7 


53 


15-R 
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Machine Pitching 

ROUT INK INDUCTION 


Selector Frame Nquipaent 


Office City 

Tf ork 

Frame No . 


Unit Result 


1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

59 


Issued -Date--- --------19 

Conple tod-Da te ---------- 19 

By 

Unit Result 


2 

4 

6 

8 

10 

12 

14 

16 

18 

30 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 


Noted 


Chief Sw itchcian 
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Office 


Frame Bo . 
Unit 


Mac ine Switching 

ROUTINE INSPECTION 

Subscribers Line Switches. 

City Issued-Date-- — 19 

Corapleted-Dn te-----------19 

By 

Shelf Ho. Frame No. Shelf No. 

Result Unit Result 


1 

2 

3 

4 

5 

6 

7 

8 

* 9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


Frame No 

Shelf No 

Unit 

Result 



8 

i 9 

10 
11 
12 

13 

14 


1 

2 

3 

4 

5 

6 

7 

8 
9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


30 


Frame No. 

3 half Ho 

Unit 

Result 


1 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 
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Frame No. 
Unit 


15 

16 

17 

18 

19 

20 



Shelf No. 
Result 
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Frame No. 

Shelf Mo 

Unit 

Result 

15 


16 


17 


18 


19 


20 



Noted 

Chief Switolman. 
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IMPORTANT 

Wherever there is a discrepancy between the values for 
inspecting, testing, or adjusting, shown in Sections VIII, IX, X, 
and XI of this bulletin and the Method of Operation sheets, the 
values given on the Method of Operation sheets shall be considered 
the standard ones for use in maintaining the central office. 
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DIVISION B 

FULL MECHANICAL OFFICES 
Section XI - Routine Checks. 

In this section the routine checks which should be made are 
described as well as how frequently they should be done. 

A record of this *ork should be kept on the "Progress Record" 
similar to that attached to Div. B. Sec. X. Consult Div. B. Bee. V. 
"Methods of Taking Equipment Out of Service" before attempting to 
make any checks. 

In taking equipment out of service, care should be taken to 
^ leave enough facilities to handle the traffic. 
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Relays 

1. Milammeter Check of Counting and 

Stepping Relays. 

2. Milammeter Check of Subscribers 

Line and Cut Off Relays. 

3. Milammeter Check of Final 

Selector P.B.X. Relays. 

4. Milammeter Check of Other 

Relays. 


Frequency 

Annually 
Semi-Annually 
Annually 
Every Two Years 



Other Apparatus 


Frequency 


1. Selector Clutches Annually 

2. Subscriber Rotary Line Switches( 1200 type) " 

3. Translators. (1202-C Selectors) Semi-Annually 

4. Other Rotary Switches. (1200 Type) Annually 
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iUSLAYS 

The testing and adjusting current values for relays are given 
on the Method of Operation Sheets ns veil as the places where the 
relay windings are picked up for test. Division A Section III “Relays 
and Message Registers'* gives the mechanical requirements which the 
relays must meet as well aa describing the relay adjusting test set. 


OTHAR APPARATUS 

1. Selector Clutches 


Note: When making the following inspection and adjustment have 

the cork rolls revolving, and use mil -ammeter and ad* 
justable resistance for obtaining the specified current. 

Current Requirements 


Clutches 1A Clutches 





and 2A 

3A and 

Down Drive: 

To 

fully operate on 

.300 

.255 

* « 

9 

operate and remove pawl on 

.170 

.215 

n 9 

9 

non-operate on 

.125 

.165 

Up * 

9 

fully operate on 

.320 

.320 

w 9 

9 

non-operate on 

.230 

.230 

Trip Armature 

9 

operate on 

.200 

.300 


Hote: By “fully operate* is meant that the spring on armature 

will operate so as to give an air gap between the ad- 
justing screw in armature and the roller lever. By 
“non-operate" i3 meant the armature may move but the 
spring on armature should not operate; that is, the 
adjusting screw should not break contact with the roll- 
er lever. By “operate and remove pawl* is meant that 
the pawl shill be disengaged from the rack and that the 
armature screw may or may not separate from the roller 
lever. 

Down Drive Adjustment 

Hote: Connect the test box lead to the down drive magnet solder- 

ing terminal on clutch. In operation #1 and also when- 
ever adjusting the test box resistance for the desired 
flow of current, place a wedge between the adjusting 
screw in armature and the roller lever, so that roller 
will not come in contact with the rack when the arms- 
ture is fully operated. This is for the purpose of pre- 
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venting the cork roll from being damaged by coming in 
contact with the rack while making adjustments. In 
operation #4 A #5 the adjustments are checked while the 
elevator is moving from its top limit to its normal 
pon ition. 

1. With the nrmature fully operated gauge 49 (.122*) should 

pass between the armature and lower back stop and 
gauge #50 ( . 138**) should not pass this gap. To adjust 
this gap bend the projection on the frame. 

2. Inspeot for clearance between rack and pawl when armature 

is operated, until the roller just comes in contact with 
the rack and the rack with the cork roll. This is done 
by attaching spring, tool # to armature and top of 
frame. (This spring shall be just strong enough to 
lift the weight of armature and hold roller against rack 
and the rack with the cork roll). If the roller is 
eccentric, the clearance between the rack and pawl will 
vary with the different positions of the roller. Turn 
the roller by moving the rack up and down by hand, and 
at the same tine noting the maximum clearance which 
should not exceed .025 * and that a minimum gap exists, 
i.e. that the pawl does not touch the rack in any posi- 
tion of the roller. Check the maximum gap by gauge # 
which should not enter. Adjust by bending the pawl trip 
lever with tool #223. 

3. The armature should operate and remove the pawl from rack 

on a current of .170 amp. for 1A and 2A clutches and 
.215 amp. for 3A and IB. This does not mean that the 
armature should fully operate as the pawl is disengaged 
from the rack before the roller comes in contact with 
the rack. However, this amount of current will give a 
sufficient pressure of the roller against the rack to 
prevent the elevator from dropping. To make this test, 
ra,ise the elevator to its top limit and then operate the 
key several times at the rate of about two times per 
second. The armature should operate dnd remove the pawl 
from the rack every time the key in depressed. 

4 . The minimum air gap between the adjusting screw in arma- 

ture and the roller lever, when armature is fully oper- 
ated, should be from .015 * to .025*. To check this 
gap, raise elevator to its top limit and then place the 
,015* gauge #54 between the adjusting 3 crew in armature 
and the roller lever. Now depress the operating key in 
test box with one hand and move the gauge hack and forth 
with the other; the gauge should be free in this gap 
during the entire return of the elevator. Now repeat 
this test but in place of the .016* gauge use the .025* 
gauge #56; this gauge should be tight in the gap, or, if 
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5. 

the roller is eccentric it should at least be tight when 
the low part of roller is toward rack. When gap is not 
correct, adjust the sorew and again check the gap. 

The tension of spring on armature should be adjusted so 
that it will fully operate on .200 amp. for 1A and 3A 
clutches and .255 amp. for 3A and IB clutches, with any 
point of roller toward rack, and will not operate on 
.125 amp. for 1A and 2A clutches md .166 for 3A and IB 
dutches with any point of roller toward rack. To check 
this adjustment raise the elevator to its top limit and 
then operate the operating key in test box several times 
at the rate of about two times per second. The arma- 
ture* should fully operate every time the key is depressed. 

Now again raise the elevator and then return it to its 
normal position by depressing the non-opera ting key in 
test box; the armature should not fully operate dur- 
ing the return of the elevator. Whenever the armature 
spring is adjusted the gap between adjusting screw in 
armature and the roller lever must again be checked as 
increasing or decreasing the spring tension changes the 
gap. 

Note: 

The armature may or may not operate and remove the pawl 
from rack on a current of .125 amp. for 1A and 2A 
clutches and .165 amp. for 3A and IB clutches. When 
the armature does not operate enough to remove the pawl 
then raise the elevator by hand slightly to remove the 
weight from the pawl. In either case, when the pawl has 
disengaged from the rack, thi 3 amount of current will 
give sufficient pressure of the roller against the rack 
to prevent the elevator from dropping. 

6. 

Check the clearance between pawl and rack as per operation 
#2 using gauge # . This check is necessary at this 

time only when there has been any adjustment made in the 
air gap between the adjusting screw in armature and the 
roller lever as in changing this gap there will be a 
corresponding change in the clearance between pawl and 
rack. 

Note: 

If armature does not meet the current requirements given 
in the above table after the above tests and adjustments 
have been made a minor defect may exist which may be 
located by making the following three tests lettered a t 
b, and c which otherwise may be omitted. Having ascer- 
tained the location and nature of the defective condition 
it may often be remedied without the removal or replace- 
ment of the clutch. 


Bulletin No. 17 


5 


Div. B 

Sec. XI. Routine Check* 

12 / 1/20 

Douglas & Tyl er, Omaha. 


a. ]?ind the minimum amount of current that will operate the 

armature when having its own weight to raise and make a 
note of this ammeter reading which will he used in Test h. 
To find this current, remove the rack from clutch and 
hold the pawl so that the armature may be operated without 
its lever coming in contact with the bar on pawl. (The 
pawl may be held back by attaching a wire hook to the 
pawl and clutch frame) . Now set the test box resistance 
so that the armature will not operate when the key ia 
depressed, and then while holding the key depressed 
gradually cut out the test box resistance until the ar- 
mature operates. It should not require above .075 amp. 
for 1A and 2A clutches and .097 amp. for 3A and IB 
clutches to operate the armature. When armature does 
not operate on .075 amp. for 1A and 2A clutches and .097 
amp. for 3A and IB clutches or less, then: ( 1) inspect 
to see if the armature moves freely. The fulcrum end of 
armature may be found to bind on clutch frame. This can 
be adjusted by inserting a small screwdriver between the 
armature and clutch frame and slightly spreading the 
frame. (2) If the trouble is not found to be due to a 
binding armature, then inspect the gap between armature 
and magnet cores when the armature is held so that one or 
more of it 3 non-freezing points come in contact with the 
core of the magnet. The end of magnet cores should be 
approximately parallel with the surface of the armature 
and there should be a small air gap between the core 
of magnet nearest fulcrum and the non-freezing points in 
armature. Then the end of magnet cores do not line up 
with the armature, adjust by changing the position of 
magnets. When the gap between core nearest fulcrum and 
armature is very large, adjust by bending the armature. 

(3) When the above adjustments are found to be correct, 
then the trouble may be due to defective magnets, in 
which case they should be replaced. 

b. Remove the wire hook from the pawl. Armature and pawl 

should now operate on a current equal to .030 amp. for 
1A and 2A clutches and .039 amp. for 3A and IB clutches 
added to reading obtained in test a, and should not 
operate on a current equal to .017 amp. for 1A and 2A 
clutches and .022 amp. for 3A and IB clutches added to 
reading obtained in test a. Adjust tension of pawl 
spring to the above requirements. When the lever on 
armature and the bar on pawl are found to be dry, where 
they come in contact, apply a small quantity of vaseline 
at this point. 

c. Now, again test to see if armature will operate, and re- 

move the pawl, on a current of .170 amp. for 1A and 2A 
clutches and .215 amp. for 3A and IB clutches. If it 
does not operate then examine the top surface of the 
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pawl and if it is found to be rough it should be smooth- 
ed down with an oil stone. Rub the stone back and forth 
over the top surface of the pawl and never across its 
surface from right to left. 

Up Thrive Adjustment 

Note: Connect the test box lead to the up drive magnet soldering 

terminal on clutch. In operation ft 7 and #8, and also 
whenever adjusting the test box resistance for the de- 
sired flow of current, place a wedge between the adjust- 
ing screw in armature and the roller lever so that roller 
will not come in contact with the rack when the armature 
is fully operated. This is for the purpose of prevent- 
ing the cork roll from being d?umnged by coming in contact 
with the rack while making adjustments. In operation* 

#9 and #10 adjustments are checked while the elevator is 
moving from its normal position to its top limit. Omit 
operation #7 for the alow speed updrive. 

7. tfhen the armature is in the operated position and the mag- 

nets are fully energized the gap between nr mature and 
core of magnet further from fulcrum and at a point between 
the two non-freezing points in armature should be mini- 
mum .016", maximum .022". i?or checking this gap . use 
gauge #48. The minimum end of gauge should be free and 
the maximum end tight in this gap. To be sure you are 
not measuring on top of the non-freezing point, first 
place the gauge so it will be on top of the non-freezing 
point, and then, while holding, the armature in an at- 
tracted position, push the gauge away from yourself until 
you feel it snap off from the point and also feel or see 
the armature move. 

8. Tith armature fully operated the .162" gauge #51 should 

pass between the armature lever and the armature back 
stop and the .178" gauge #52 should not pass. To ad- 
just this gap, bend the projection on frame. 

9. The maximum air gap between the adjusting screw in arma- 

ture and the roller lever, when armature is fully oper- 
ated, should be from .025" to .u35". To check the adjust- 
ment of this gap, place the .035" gauge #71 between the 
adjusting screw in armature and the roller lever and then 
depress the operating key in teat box with one hand and 
move the gauge back and forth with the other; the gauge 
should be tight in this gap at all points of *he roller. 
Now return the elevator to its normal jjasition <*nd repeat 
this test but in place of the .035" gauge use the .025" 
gauge #56, this gauge should be free in the gap, or, if 
the roller is eccentric it should at least be free when 
the high part of roller is toward the rack. When gap ia 
not correct, adjust the screw and again check the gap. 
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Bote: un a clutch having a very eccentric roller it may be found 

that after placing a gauge between the adjusting screw 
and roller lever the elevator will not move up ^hen the 
armature is fully operated. In this case lock the test 
box key down, to hold the magnets energised, and then 
move the elevator up with one hand so as to turn the 
roller, and take the measurements when the high part of 
roller is toward the r;iok which will give the maximum gap, 

10, The tension of spring on armature should be adjusted to fully 
operate on .320 amp. with any point of roller toward the 
rack, snd to non-operate on ,230 amp. with any point of 
roller toward rack. To check this adjustment operate the 
operating key in test box several tiroes at the rate of 
about two times per second. The armature should fully 
operate every time the key is depressed. Now return the 
elevator to normal and then depress the non-operating key 
and at the same time raise the elevator to its top limit, 
the armature should not fully operate on the last test. 

10-A: tfith the above electrical adjustment the spring in some 

cases may be so light aa to give an excessive overthrow 
( 90U grams measured at end of roller lever is considered 
to be the minimum amount allowable.) Therefore it is 
necessary to check this spring by the use of tool $ 
attached to end of roller lever and with no current on 
coils. If the spring is too light it can be detected 
by tappling the roller lever under the nd jutting screw, 
should it be found to be light increase ite tension and 
at the same time check the r,ir gpp. 

On all clutches on which the spring is increased it will be 
necessary to check electrically to be sure it will operate 
on ,320 sm p. non-operating need not be checked. 
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FULL MECHANICAL OFFICIOS 
Section XI I -Apparatus ^enlace mento 

This section gives information as to the mechanical method 
of replacing parts of the apparatus which are found to be defective* 
Many parts can be replaced in so simple a manner that no description 
of the method is given. 

In general in making replacements of apparatus found to be 
defective eight different step3 are necessary as follows: 

(1) Taking equipment involved out of service as described 
in the section of Maintenance Instructions on "Method of Taking 
Equipment out of Service". This will usually be done by the swich- 
man Tdio locates tne trouble. In case it has not been done, the 
mechanic who is to io the work should, if more than an individual 
selector is involved, consult the 'Thief Switchman or Desk Switchman 
before beginning his work. In case it is necessary to take a number 
of units out of service, such as one side of a frame, as entire frame, 
one side of two frames, etc. thi3 should be done by an employee 
familiar with the aethods 3 uch as the Chief Switchman or a switchman. 
Care should be exercised to insure that adequate facilities are left 
available for giving service during the time the equipment is out of 
service. ,: hen, for example, a multiple bank is to be changed. 
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provision should be made for routing the calls through other frames, 
and, in the case of a final multiple bank, for giving service on the 
subscriber lines involved. 

( 2 ) The removal of the fuses in the circuit involved. This 
should be done by the mechanic who is to do the replacing. 

(3) The di sconnection of the wires from the apparatus to 
be removed. On small parts this should be done by the mechanic. In 

the case of 1 \rge units such as multiple banks, entire sequence switches 
etc., this work should be done by a man who has had experience A3 an 
installer or wire man and who is familiar with the color scheme fol- 
lowed by the installers. 

(4) The removal and replacement of the part as given in 
this section. This should be done by the mechanic, who will make the 
necessary adjustments as given in the section on "Apparatus Adjust- 
ing acquirements" • 

(5) The connecting of the wires to the apparatus. 

(6) The replacing of the fuses. 

(7) The testing of the equipment. This should be done by 
a switchman. 

(8) The replacing of the equipment in service. This should 
be done by a switchman and if necessary the calls which have been 
diverted from the frame should be rerouted. 
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Sequence Witch 

1. The parte of a sequence switch which can be changed separately 
are as follows: 

•R - Magnet 
Spring 

Came 


2. To Remove «u« Magnet 

2-a Make circuit which Includes the sequence switch busy. 

2-b Unsolder the wires from the *R" rangne t terminal®. 

2-c Loosen the two screws on the back edge of the inside plate 
which fasten the mngnet to the sequence switch frame, using 
an offset screwdriver from the rear of the frame. 

2- d R« more two front screws attaching the magnet to the frame. 

The magnet can now be removed from the fr<«e. 

3. Mounting m 4 i\* Magnet 

3- a See that the rear screws on the frame are out far enough to 

allow the magnet plate to slip under the heads. 

3-b Place the magnet in position with the bent coil plate down and 

place the two front screws in the fr?uae through the magnet plate. 
3-c Tighten up on these screws, being careful to see that the bent 
plate is parallel to the drive plate on the vertical shaft and 
in accordance with previous section on adjustments. 

3- d Solder the wires on the *8* magnet terminals, 
d. To Remove iprlng Nests 

4- a Bake circ lit busy and remove fuses. 

4-b Unsolder wires at the brush terminals of the nest to be removed. 
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4-c iemove the ?orew and washer froa the rear of the sequence 
switch frame holding the neat. 

4- d Lift the nest out of the cam assembly froa the front of the 

frame* 

5. Place l^rln/c Mests 

5- a Tighten the assembly screws of the neat with the springs 

parallel. Place the spring nee to above the c>nus with the spring 
entering in front of an paralled with the cams and with the 
terminal end toward the rear. 

5-b Slightly spread the springs so that they onn be placed on the 
corns at the same time; push the nest towards the back of the 
frame. The nest will come to re 3t at the proper place when 
the rear of the fr *me is reached. 

5-c Fasten in place from the rear with the screw and washer pro- 
vided. The spring nest should be centered horizontally before 
tightening the screw. 

5-d Id Jus t springs in accordance with previous section on adjust- 

ments. 

5- e Solder the wires on the spring terminals. 

6. To Remove Page 

6- a Make Circuit busy and remove fusee. 

6-b Loosen clamping screw on right end of switch frame. 

6-c Bold assembled cam shaft in the left-hand and pull the bearing 
out n little to the right. 

d-d Move assembled cam shaft to the right enough to have the left 
end of the onm shaft clear the left bearing. 

6-e Draw the can shaft assembly with c ? i«s and plate away from the 
springs. 
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fi-f Mount can a haft assembly in No. 225 tool and damp the driven 
plate at * convenient point, preferably so that the straight 
edge may be placed apposite the edge of a cutting on a cam to be 
retained on the shaft which corresponds to a similar cutting on 
the new oho or c««s to be added. 

G-g Nark reference line on edge of cams with ffo. 24o tool. 

6-h Unscrew can clamping nut with No. 236 tool while holding index 
wheal with No. 2U3 tool. 

6- i Remove cars shaft assembly from No. 225 tool and remove clamping 

nut holding cams and collars in place. Hold cant shaft vertically 
over tip of No. 258 tool and transfer cans and collars to spindle 
until cam to be removed is transferred being careful to retain 
removed o«ras in alignment on spindle. 

7- 2 Make change of cams on spindle of No. 258 tool being careful to 

arrange cams so that the letters stamped on the cutting shall be 
in alignment and that all rivet heads will be toward the index 
wheel end when assembled. 

7-b Transfer the necessary cans from spindle to cam shaft preserving 
the cam alignment in the process. Add nace3 3nry washers and 
index wheel in proper position on shaft and thread clamp ing nut 
on shaft. 

7-c Mount cam shaft assembly in No. 225 and rotate it to center 

spacing collars on shaft. Clamp shaft at convenient point and 
bring marked cams Into alignment by bringing soriber marks to the 
straight edge an No. 225 tool. Bring previously chosen edge 
of cutting on new cans into alignment on straight edge if pos- 
sible in this position of com shaft or align new came by 
reference along straight edge to marked cams having cuttings in 
some position which corresponds to cutting on new can. 
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7-d Tighten cam elmqpiag nut using Ho. 2u3 and Mo. 236 tools an be- 
fore. Check alignment of cuse before renting c»m ihdft from Ho. 
225 tool. 

7-e Place the assembled can shaft with curs under the springs and 

turn the whole towards you at the same tine raising the left end 
of the sssewbly so t'nat the c?uas enter between the springs and 
permit the left end of the shaft to slip into the left bearing. 
Continue turning the shaft and raise the right end until all 
oaao have entered between tfair proper springs and then push the 
right bearing into the oud of the abaft. Adjust end play per 
section on adjustment. 

7-f Inspect all c&mo and springs an described in previous section on 
**Routine Inspections*. 
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b Clutch Changes 

It necessary sometimes to remove the clutch in order to 
make certain adjustments snd inspections. 

1. to Remove a Clutch : 

1-a Mako the selector busy by means of a make busy plug Inserted 
in the make busy jack for the particular selector. 

1-b Heine the selector as far as possible and support it by a 
wire hook to the bear In.; plate between the two lower banks. 

1-e Unhook the r^ck coupling from the brush rod and operate the 
down drive annually until the rack is low enough to clear 
the bottom of the rod. 

1-d Remove the r<ck by lifting it out from behind the clutch. 

1-e If the clutch is to be taken away the wires at the bottom 
terminal should be unsoldered and laid back carefully. 

1-f Loosen the large 3crev7 near the bottom of the clutch. 

Lower the dutch until the two projections at the top are 
clear of the holes in the clutch top locating plate. 

1- g Pull the top of the clutch away from the frame until ii is 

clear of the plate and then lift up. The clutch should be 
clear. 

2. To deplaoe a Clutch. 

2- a The brush rod i3 held up by the tire hook at the bearing 

plate between the two lower banks. Loosen the large screw 
on the bottom cros* bar at the location where the clutch is 
to be placed. 

2-b Lower the clutch so that the head of the screw-slips over 
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the slo t -it the bottom of the clutch and the top of the clutch 
1* slightly lower thnn the clutch top mounting plate. 

2-c Push the clutch in towards the frame until the projections at 

the top are in far enough to slip into the holes in the clutch 
top mounting plate when the clutch la lifted. 

2-d gee that the clutch is evenly spaced between adjacent clutches 

and up firmly against the bottom of the mounting plate and then 
tighten the bottom set screw. 

P.-e Start the reck in at the top of the clutch and operate the 
down drive clutch manually being enreful to guide the rack 
from the top so that it will be in its proper locution. 

2-f To check the vertical alignment of the clutch raise the rack 
to the bottom of the brush rod and awing the r-'ek from side to 
side to determine if the rack coupling will at le=si line up 
with the outside surface of the brush rod within the limits of 
aide play of the rick in it^ guides. If the coupling pin and 
brush rod cannot be aligned in this manner without binding 
loosen the clutch mounting screw and shift the bottom of the 
clutch to meet this requirement. Then couple the ruck to the 
brush rod. 

2-g Remove the wire hook holding up the brush rod and operate the 

down drive clutch manually. 

2-h Check *Q* commutator brush for vertical location on lower, 
central and up»)er lino terminals. 
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1-j Care should be taken in the **t*ambly of the pump caning 
to see that the gears are not cramped. This can be felt by turning 
the vertical shift by hand. 

1-k Clean the oil feed and return tubes by cashing with onrbona 
and assemble them, Whan drawing up the coupling nuts Which hold the 
tubes in place, only sufficient force should be applied to bring 
the osrt* up tnug - too much pressure is likely to overstrain the 
tubes and may cause a leak. 

1-1 Assemble connecting shafts, if any. 

1-m Attach motor to frame and dug in current leads. 

1-n Pour oil P-2030 ( standard Oil Co. of New York) or its 

equivalent, into the gear case through the filling hole in the top 
of the gear case. When idle the normal level ia within l/fi* of the 
top of the gauge glass, and will drop to the middle of the glass 
when running. 

l-o Start motor and alio* drive to run for a few minutes and 
observe oil level. /hen first run after being filled with fresh oil 
it may happen that the oil level will fall below the middle of the 
gauge glass due to the oil pipes not filling until the pump was 
started. In thi:* event the oil level should be brought up to the 
middle of the glass while running by adding more oil. 
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e Commutator Cbangea 

1. To H amove the Commutator 

1-a Make selector busy by inserting make busy plus in nnke 
busy jack for the particular selector. 

1-b Unsolder wires on terminals at top and bottom of commutator. 
Care should be exercised as the Insulating composition of 
the commutator will melt if too much heat is applied to the 
terminal. 

1-c Hewove clip at top commutator plate holding the commutator in 
place. 

1* d Lift up Commutator out of bottom commutator plate. 

1- e Hold top of commutator with one Hand and pull out away from 

the fruoe and up out of the commutn tor brushes; at the sane 
time lift the brush springs up and over the segments of the 
commutator with the other hand. Care should be taken to not 
bend the brush rod or commutator brush contact springe. 

2. To i^laoe a Commutator 

2- a The selector is made busy nnd the clip at the top commutator 

mounting plate removed. 

2-b Place the conanutator in the commutator brushes. The proper 
way is to hold the commutator in the right Hand with the ter- 
minal end up and the side with the feeder bars to the left. 
Pull the brush rod out a little, away from the frnme and with 
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the bottom end of the commuta tor, spread tho coiasutator 
brushes a little and then insert the commutator into the 
brushes. The commutator should be straightened vith re- 
lation to the brush rod and at the some time inserted into 
the bottom mounting plate. It is necessary to push the 
commutator back against tho tension spring before attempting 
to slip the bottom end into tho slot. The brush springs 
should be guided by the hand to avoid bending during this 
operation. The ton of the commutator should be pressed 
against the back of the slot in the top plate so that the 
locating slot in the rear of the commutator vill engage 
the plate properly. 

2-c Attach the fastening clip to the top mounting plate. 

2-d Solder the vires to the terminals at the top and bottom of 

the commutator. Care should be exercised ns the insulating 
composition of the commutator "rill melt if too much heat ia 
applied to the terminals. 

2-e Check the *C* commutator brushes on the upper, central and 

lover line terminals for vertical centering. 
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1-a Unsolder the fires on the brush and pull out in line with 
the brush rod. 

1-b Loosen clanging sere* with tool Ko. 22U on the front of the 
brush holder. 

1-c Raise brush holder off of brush rod and extend wires. 

1-d Unless the coraautator His already been removed, the commutator 
will have to be removed but is only unsoldered at the bottom 
so as to 3lip the brushes being removed off the lower end of 
the confirm tutor. 

(3ee Section XII- c for removing the commutator} 

2 . To r'lace the Commutator Braoh on the brush Rod. 



2-s Provided the commutator is not removed, the brushes should be 
placed on the commutator by removing the commutator and slip-' 
jing the brushes on the lover md ( :3eo ’ection XII-oi. 

2-b Thread the wire s from the end of tho brush rod through the 
clamp of the commutator brushes and then pass the brush rod 
through the clamp. Tighten the clamp and re-soldor the wires 
to the brush terminals. 

2-e Check centering of *C* commutator brush on lower, central and 
upper line terminals and also other brushes if a new set of 
brushes is installed. 
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Multiple Brush,. 

1* To remove ->■ Multiple >rn*h 
1-a Mrrtce selector busy. 

1-b Raise the brush iud until the bruoh to be removed in ap- 

proximately midway between the brush rod bearing plates. 

1-c Uneolder the Tire*** the brush terminals. 

1- d Loosen screws which fasten brush clamp to brush as icmbly* 

Hold the brush with the left bind, and loosen the screw® with 
the Ho. 2Z) tool in the right hand. The bruuh assembly can 
then be turned up and removed from behind the brush rod. The 
right pair of contact springs will have to be npread a little 
further from the center of the brush assembly to allow the 
trip rod to pass out of the brush. 

2. To ^ lace a Multiple Bruch. 

2- a Remove the clamp from the multiple brush to be placed. Do not 

trip the brushes, 

3- l> Rii*e the brush rad until the portion of the rod on which the 

brush i3 to be mounted in npproxinately midway between bearing 
plates. 

2-c Pass the brush nasenbly to the left of the brush rod and in 

back on « horizontal position with the two right springs spread 

«»*y fro* the «P render so that the trip rod my be passed into 
the as sembly. 

2-d The brush assembly can now be brought down in line with the 

multiple bunk and the claap attached to hold the brush approx i- 
rcnteiy centered. 

2- Solder the wires to the brush terminals. The proper colors 
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cnn be ascertained by ref err inf? to ^ ru3 ^» on ^me ur 

adjacent rod3. 

2-f Hots the brush rod so that the pawl in the clutch is in the 
rack slot #0. Adjust the Multiple brush in accordance with 
Jcotion IX-b\ 
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f Brush Hod and Trip Bod 

This* section covers the changing of the part of the selector 
known as the brush rod end trio rod. They may be changed 
separately or together, although it is Advisable to remove 
both when it is necessary to change either. 

1* Remove iiruah Bod and Trip Hod. 

1-e Kake selector circuit busy. 

1-b Raise the brush rod by hand and uncouple the rack. 

Remove rack. 

1-c Lower brush rod and clamp the brush rod to the trip rod, 
using the clamp provided. 

1-d Loosen the clamp screw for each bearing plate and remove the 
bearings. 

1-e Detach the small tension spring at the bottom of the trip rod. 

1-f One man at the top loosens the comma tator holding clip* un- 
solders the wire at the lover end and pulls the commutator out 
far enough to allow the commutator brush to elide off the lower 
end of the corarau tator *hen the other man lifts the rod up and 
out far enough to clear the clutches when it is necessary to 
lover the rod away from the comrsu tator. 

1 -g The commutator is put back temporarily and the rod lowered 
carefully down to » horizontal position. The clamp can be 
removed and the trip rod drawn out of the brush rod. Avoid 
snagging brush© a during this operation. 
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2. Place Jrunb Hod and irip <oi. 

2 -a The brush rod and trip rod should be clomped together tn 

approximately their norml relative positions. The German 
silver bearings should be removed and the commutator loosened 
enough to be easily removable. 

Lift the rots to a vertical position with one man up on the 
ladder holding the top, and the other man on the floor steady- 
ing the rod. 

2-c Separate the commutator brush springs with the bottom end of 
the commutator and clip the brush up the commutator about 
halfway after inspecting to sec that the commutator brush springe 
are on the segments. 

2-d Place the commutator in its lover plate and allow the rods to 
fall into the bearing plates. ?nnten the commutator in place 
and solder in the bottom wire. 

2-e Place the German silver bearings and see that the lover end of 
the trip rod is in the hold in the bottom plate; attach the 
tension spring. 

2-f demove the assembly clamps, place the rack in the clutch and 
couple to the brush rod. Adjust per Section IXVb. 
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g Multiple Bank 
1. To AemovQ a Multiple Bank 

1-a Take frame out of service and stop drive Motor 
(see Division B t Section V.) 

1-b Unsolder leads, simultaneously at each end and on 
each side of bank if possible. 

1-c Mount and adjust bank resetting gauges #61 (see 

’•Detailed Instructions for the Use of Gauge #61 " 
page 4 of this section.) 

1-d Ascertain the direction in whioh the bank can be 

removed with the least interference to the cab- 
ling and the frame apparatus. The end of the 
bank which clears the selectors first in the 
process of removal will hereinafter be referred 
to as the ’•leading end,* the opposite end, the 
* trailing end.* 

1-f If necessary cut cable stitching on bank cabling 

sufficiently to permit the passage of the bank. 

1-g Loosen bank mounting acr^s, but do not disturb 

acres* bushings during entire operation of bank 
removal and replacement. 

Remove bank levelling screw at trailing end and 
attach bank removal guide, tool #237. 
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l*i Remove upper mounting screw »t trailing ©nd and 
attach multiple bank carrier, tool #230. 

1“J Remove all bank mounting screws, the bank being 

supported manually at each end. 

1- k Remove bank by slid in/', with guide on Tee crocs- 

raombar, the man at the trailing end guiding 
the bank to prevent injury to brushes and 
selector rods while man at leading end pulla 
bank thru. Hate: It may be necessary to 
suspend operations with the bank partially 
removed to attach a oecond carrier to the 
first in order to lengthen it. 

2* Xq replace a ilultiple Bank 

2- a The new bank must be of the same type an the re- 

moved bank and must be inspected for horisontal 
and vertical bows and other defects before being 
mounted. 

2-b Remove guide fron removed bank nnd attach to lead- 
ing end after hnvtng determined which end of bank 
should enter between the electors fir at if bank 
has front and rear sides. 

S-e Stark 5oth terminal at each end on aide of bank 
which ie to face the resetting gaugee. 
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o-d Attach one or two carrier* as necessary on lending 
end of bank and raise bank to proper height and 
start sliding into position between selectors 
placing guide on Tee oronn member. 

o When opposite mounted position remove carrier and 
start upper mounting screws. 

2 ~f remove guide, start lover mounting screws and 
approx iron tel y locate bank with its levelling 
screws. 

2-g Adjust position of bank to that of removed bank 

as indicated by the renetting gauges { see '•Detailed 
Instructions for the Use of Gauge rf<51*). 

2~b Tighten mounting screws. 

2-i Tighten locknuts on levelling screws. 

2 -j To check location of bank to discover possible 
horizontal or vertical bowing due to mounting 
raise selectors 1, 29, 59, and 2, 50 and 50 
successively to lower, central and upper bank 
terminals and determine if the brushes when tripped 
project in from the end of the terminals not 
less than half the width of the fibre shoe and 
not more than the full width of the fibre shoe. 

2 -k When the bank i« satisfactorily located and checked 
connect the bank cabling to the terminals. 

2-1 To put frame into service see Division B, Section V. 
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stalled Instr action? fir the uuo of r* 61 . 

The object of this geugc is to obtain two f ixed points of h 
mounted multiple bank with reference to the brush supports assembled 
in the frame 30 that tho bank oan be removed and later on placed 
again in its former position, or replaced by a new bank, by neuna of 
the reference point* previously eatnbliohed. In a >aindred line bonk 
theoe two points are usually the 5 oth terminals of the extreme right 
and left hand vertical rows of terminals. 

The gauge is furnished in seta of Wo, both of them alike, 
which can be used in terchangeably on either right or left hand side 
of the bank with thin difference, however, that the locating plug of 
the left hind gauge will be in a top position and of tho right hand 
one in a ottom position, 

Heferrlng to the Assembly drawing No. 1U854, it will bo seen 
that the gauge is held in front of the multiple bank by two screw 
clamps, Det. A. The clamps are normally spaced six brush supports 
apart but provisions are made to shift one of the clomps to the 
center of tho bar, ilet. 1, thereby clamping on Wo adjoining pairs 
of brush supports. This makes tho gauge available for partially 
equipped frames having a minimum of four brush supports. Also the 
center position may be used for n third clamp in case it is found 
that this adds to its rigidity when placed in position on a fully 
equipped frame. 

To prevent interference with the multiple bank terminals 
while the gauge is being placed in position on the brush supports 
the locating dug, 3et. Q is drawn back against its stop pin and held 
there by the ^et screw, let. 7. 
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The sliding head composed of Detn. 4 and 5 should now be 
looked to the base, Det. 1 by the locking nereis, Oet m 12, operating 
through the sleeve, Det, 6, spring Dot, 10. and 3/4* washer. Then 
release scrov about a half turn from it3 full clamping position so 
that the sliding head i< now held against tho base by the pressure 
of the spring and onn be set by nenns of the knurled head adjusting 
screws, Sets. ? and 9 to an approx iraately central position permitt- 
ing an equal arao mt of adjustment in all directions. 

The gauge is then moved vertically along the brush supports 
until the end of the locating plug, when pushed forward, comes ap- 
proximately within the space between the 50th and 51st terminals in 
the case of a hundred line bank or the center terminals of any bank. 

It is then clamped in position. 

To make the final vertical adjustment slide the locating plug 
in its bearing to a point where the end is approximately .01O* off 
the ends of the terminals and hold there by the net aorow. Then 
shift the sliding head by raeans of the knurled head adjusting screw® 
to such a position that, when tbs brush supports are aprung forward 
by bind, the small end of the locating plug will enter freely between 
the two center terminals. 

Final horizontal adjustment is now obtained by flighting 
along the row of terminals among which the plug hits entered. Since 
the diameter of the 3raall end of the plug correaponde to the width 
of the terminals the coincidence of the two can be readily determined. 
It is necessary, however, that when thin reading is taken the plug is 
held in position by the set ocrew. Otherwise the clearance between 
the plug and the bearing would permit enough play to RAke the ad- 
justment uncertain. 
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Next. the vertical plane of the bank Is fixed by adjusting 
the locating nut, ^et. 16, to a atop against the sliding head at a 
point There the shoulder of the locating plug Just rests on the ends 
of the two terminals between which the reduced portion of the plug 
ha« entered. Apply as little pressure hs possible to avoid springing. 
Lastly the shea* nut, Det. 15, in locked against the locating nut. 

The locating plug in prevented from turning on account of 
ltn key-way engaging with the reduced end of the set screw acting as 
a key. This permits the nuts to be net up without turning the plug, 
but care should bo taken no t to screw the check nut down too hard as 
it has a tendency to draw the plug back from its position on the ter- 
minals of the multiple bank. 

A final cbeck should be made by drawing the locating plug 
back and then bringing it forward again to a stop. Clamp in this 
position and test by slightly springing the brunh supports whether 
the shoulder of the plug is resting on the terminals same as before* 

After locating the second gauge on the opposite end of the 
bank in the same manner the two locating plugs are drawn back against 
their stop pins .and held there by the set-screws. The bank can now 
be removed. 

It is obvious that the gauges must not be disturbed * n an y 
way during the removal and the placing of a bank to an approximate 

position in the frame. 

Tie resetting of a bank is the reverse process of that used 
in locating the gauge. The bank is shifted until, when the locating 
plug is pushed forward to a stop, the corresponding two center ter- 
minals will permit the 3raall end of the plug to enter and satiafy all 
the conditions that were determined in the original setting of the gauge. 


Bulletin :io. 17 


Divio Ion fl. 

;’>ec. Xll-h Kejjlnoanonts 

12 / 1/20 

Dougins St Tyler, ^raaha. 


h Tt let ion Ho 11 Drive- 

^ • To Remove n ?r let ion Roll Drive 

1-a Take the *ide of the trrme containing the defective roll and 
all the aides of frames driven by the motor which driver? the 
defective roll out of service. 

(see Division 3, Section V). 

1-b Stop motor, and remove it if necessary. 

l-o Take down connecting shafts, if any, 

1-d Drain oil from gear box and bearing box supporting defective 
roll. 

1-e Remove feed and return oil tube 3 . 

1-f Remove gear case cover. 

1-g Remove gears off end of roll shafts. 

1-h Uncouple sequence switch drive shaft coupling and remove it. 

1-1 Unclaap upper pivot screw on gear case by loosening locknut 
next to gear case and back off pivot screw sufficiently to 
allow gear oai« to be removed. 

1-j Unci. imp upper pivot screw on bearing box by loosening locknut 

next to bearing box and back off pivot screw sufficiently to 
give the bearing box the amount of play required in manipulat- 
ing the rolls during their removal. 

1-k Lift gear case off its pivot screws while the rolls are held 

and supported by an assistant to prevent the rolls from dropping 
at the gear case end and from sliding out of the bearing box 


* 
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at the other end. 

1-1 3111a gear box off the end of the roll shafts. 


1-m Insert wooden a tripe {3/4'* X 1-7/8 4 X 36*) under each roll 

locking up the lower strip at eaoh end with blocks Measuring 
1-1/2* X 3* and tapering fron 3/4* to 1/8* in thickness set 
on edge. 


1-n 'iach roll is now slid out of bearing box care being taken 

to prevent cork surface from snagging on clutches and guard 
plates; Roll guard plates prevent the rolls being removed 
interfering with rolls on the side not being worked upon. 


t 



l-o Remove bearing box. 

1-p limed lately upon removing the gear case covers, etc. or 

as soon thereafter as convenient, the sealing material upon 
the surfaces of the broken set led joints should be removed 
by washing it off with carbona. The Special Pipe Joint Paint 
used for sealing, when exposed to air dries very rapidly, and 

since the material between the sealed surfaces may not be 
thoroughly dried out, time can be gained by cleaning it off 

at the first opportunity. Jhon ready to reassemble the 
dismantled parts should be thoroughly clennod and bearing 
surfaces lubricated. 
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1. To Replace a friction Roll Dr ive 

1-a Mount bearing box loosely on its pivots. 

1-b 3iide the bearing box end of each roll into boaring box. 

1-c Insort wooden strips (3/4” x 1-7/8* x 3d rt ) under each roll 
locking up the lover strips at each end with blocks Pleasuring 
1-1/2” x 3* and tapering from 3/4 4 to 1/8”) in thickness. 

1-d Slide gear box on end of roll shafts and mount on its pivot 
aoreas. 

1-e Tighten pivot screws and clamp them with the locknuts. 

1-f Attach sequence switch drive shaft coupling to vertical 
ahAfts and couple them together. 

1-g Mount the gears on the roll shafts. 

1-h Apply a moderately liberal and even coat of the Special 
Pipe Joint Paint with a small brush on the joint surfaces of both 
the gear case and its cover immediately before assembling the gear 
case. This method also applies to sealing the puap casing on the 
bottom of the gear cases. 

1-i Assemble the gear case cover and inraod lately tighten the 
clamping screws while the Joint Paint is still wet. Assemble the 
pump case in like manner. 

No te tfhen assembling the upper cover it should be set to h uniform 
clearance around the protruding roll end. At the warm end of n 
drive the upper and lover covers should be set Rt the s«me time 
taking the precaution regard ing the clearance around the roll end 
and aligning the worm spindle true with the motor shaft or to the 
gauge used for setting the motor bracket. 
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The apparatus should he given a general cleaning semi- 
annually. 

The apparatus should he in clean condition before the 
hot humid weather begins. 

The general removal of dirt from machine switching ap- 
paratus can be accomplished by means of the tools and materials as 
listed below: 


1 Vacuum cleaner with motor of about l/4 H.P. 

2 flexible vacuum hose about 12* long 

I Soft rubber nozzle, about 18 * long, and cut 
at about 30° 

1 Cup shaped rubber nozzle 

1 1-1/2 rt flat rt Rubberset w or its equivalent 
paint brush 

1 Sequence switch cam cleaning stick - ^239 tool. 

Chamois 

Sheepskin 

Cheese Cloth — "Kany Use Oil” or its equivalent. 
Comm tat or Sanding : 

Preliminary to the general cleaning of a frame the se- 
lector an l finder cor mutators shall be sanded with ,/000 sand paper. 

The sand paper should, for convenience in handling, be 
firmly secured to a wooden paddle or sanding block. 

A fibre guard shall be inserted between adjacent commu- 
tators to protect the brushes from being struck by the sanding 
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Care should be taken to exert a uniform pressure throughout 
the length of the comnaitator • The sanding shall continue until the 
oxide on the surface of the segment and feeder strips and any ridges 
or higfr spots formed by the insulating material have been removed. 

It is essential that as little of the metal as possible be removed 
from the commutator. 

After the sanding of the commutators of a frame has been 
completed the commutators shall be rubbed with chamois or sheepskin 
to remove any particles tending to cling to the surface of the seg- 
ments or insulating material# 

Cleaning of Apparatus with Compressed Air: 

^hen all the commutators of a frame have been sanded and 
cleaned the associated apparatus shall be cleaned with the vacuum 
cleaner. 

Place vacuum cleaner in such a position that the hose can 
be carried up and down the ladder without fouling elevators, clutches, 
etc. 

Place hose on blower nozzle and arrange it 30 that the 
stream of air is directed away from adjacent frames or other appa- 
ratus. Close all windows near frame to be cleuned and see that no 
draughts exist by means of which a circulation of the air in the 
vicinity of the frame is permitted. 

Clean all of the apparatus on one side of a frame before 
beginning on the other side. Before attempting to clean make all 
oirouits involved busy and in the case of operators district frunes 
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hare the Traffic Department stop using the selectors* 

Multiple Banks: 

With 1-1/2" "brush clean the terminals of the multiple 
hanks downward between the elevators. Hold the cup shaped nozzle 
attached to vacuum hose, opening up, just clearing the elevators 
and below the brush, so that as much of the dirt released by the 
brush as possible will be caught by the nozzle* It is not 
necessary to brush directly into the tube, as any motion of the 
brush which will loosen the dirt without projecting it directly 
away from the nozzle will result in all of the dirt being caught 
in the current of air caused b> the vacuum. 

Raise all selectors to permit removal of dirt from reset 
and bearing plates under brushes. 

Bearing xlates and rive Blutea: 

With the soft rubber nozzle attached to vacuum hose begin 
at the top of the frame to remove all pockets of dirt from the 
flat surfaces on the top and bottom commutator plates end on each 
set of elevator rod bearing plates. 

Hex t with the same tool, begin at the top of the sequence 
switch bay to clean any loose dirt and rust from the drive plates 
and pole pieces of the sequence switches. 

Iron "ork and iring ; 

Replace soft rubber nozzle with cup shaped nozzle on 
vacuum hose and brush all iron work and wiring accessible from 
front of frame, beginning at the top of frame and working downward. 
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imen brushing cable forms always brush the skinner 
toward the soldered oonneotion. 

Do not open counting relay cabinet to clean relays or 
frame work. This apparatus shall not be touched. 

Beginning at the top of the relay bay clean the tops of 
the relay cang and shells of covered relays with a piece of sheep- 
skin, slightly moistened with "Many Use Oil,” wrapped about the 
cleaning stick. 

After the relay covers have been cleaned pass the vacuum 
hose through to the opposite side of the frame and with the soft 
rubber nozzle attached begin at the top of the sequence switch bay 
to remove the dirt from the sequence ewitch brush pile-ups. 

Replace the soft rubber nozzle with the cup shaped nozzle 
and begin at the top of frame to brush all iron work and cable forms 
and skinners of the switches and relays, using the 1-1/2" brush. 
Special care shall be exercised while cleaning forms not to brush 
in such a manner that the skinners will be broken or the insulation 
disturbed. 

The preceding operations should have removed all dirt 
possible to remove by brush or vacuum. 

Sequence Switch Pile Ups: 

Change vacuum hose to blower outlet and attach the soft 
rubber nozzle. At the apparatus side, beginning at the top, blow 
through the sequence pile-ups. 
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Selector Rods: 

Clean each rod with a piece of sheepskin slightly 
moistened with "IJany Uso Oil.* 

Sequence Saitoh Cams: 

Sequence switch cam 3 shall be cleaned by the application 
of a piece of sheepskin in the forked cleaning stick known as the 
*239 tool. 

The switch may be rotated by short circuting the *A" 
springs with the device provided for the purpose known as the ,/218 
tool* 

In general, sequence switches shall be cleaned with the 
position or apparatus out of service. In all cases where the 
switch in rotating furnishes a morrentary circuit to other apparatus 
the battery or ground condition shall be temporarily removed from 
the switch being cleaned. 

At the time that the sequence switch cams are cleaned the 
dust shall be removed from the separators between the cams and also 
from the blank cams. 

Routine Teats Subsequent to Cleaning of Ar-nratus: 

Ifhen all the apparatus associated with a side of the 
frame has been cleaned, tests for proper circuit operation shall be 
made before the apparatus is restored for service. 

\7hen one side of a frame has been cleaned and replaced 
in service, clean the other side before proceeding to another 
frame. 
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Apparatus in Operating and Terminal Rooms!, 

The foregoing comprises the general cleaning of BTari toll- 
ing apparatus. The cleaning of key tr&ys, cord pit©, tarpaulins, 
fans, material lockers, etc. in the Operating Room and furniture, 
relay racks, etc. in the switch room, occurring at frequent 
intervals, shall he assigned in the form of a schedule by the 
V7ire Chief to the cleaner. 

The tools necessary for the latter work consist of - 

Radiator Brush "Many Use Oil" 

Painter’s dust brush Cleaning Stick 
Sash t ool Chamoi s 

Blower 
Cheese cloth 

No floor preparation should be used containing a veniole 
which emits oily or other fumes liable to cause corrosion or in- 
sulating deposits on contacting apparatus. 

The floor of the switch room should be cleaned with a 
mop. No sweeping or brushing of the floor should be permitted 
except just after it has been mopped and is still in a damp condi- 
tion. 

All dusting in the switch room should be done with cloth 
or sheepskin slightly moistened with "Many Use Oil." 

The Chief Switchman will keep a foim similar to the one 
attached to Division B Section X labeled "Progress Record" which 
contains a list of all the frames in the office, entering on this 
sheet a record of the work as it progresses* 
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Section XIV - Cross Connections 

M.D.F. and I .D.F. 


General * 

The work of the frameman at the main and intermediate distrib- 
uting frames of a machine switching office, is essentially the same as 
that in a manually operated office and therefore, the rules and practices 
now in force apply. Such differences in practice as are necessary by 
reason of the machine switching system are outlined in the following 
paragraphs. 

Subscribers Line Oross-Connecti on Scheme. 

The subscriber’s line (two leads, tip and ring) extends in 
cable from a two point terminal strip on the horizontal side of the K.D. 
F. to a 5 point terminal strip on the horizontal side of the I.D.F. 
where it is doubled up with the cable carrying the tip (T), ring (R), 
and sleeve (s) wires extending to the final multiple. This terminal 
strip also carries two punchings (C, meaning checking multiple and 
M, meaning message register) for the two wires in cable of the message 
register circuit. The single wire in cable to the checking multiple 
is doubled up on the punching C. 

The subscriber’s line and cutoff relays and associated line 
switch extend (5 leads, tip (T), ring (R), and sleeve (S) and two 
message register wires C and M ) in cable from a 6 point terminal 
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strip on the line switch frame to a 5 point terminal strip on the 
vertical side of the I.D.F. The sixth point (w) on the terminal 
strip on the line switch frame is used as a battery supply lead 
to the electro-magnet of the line switch. 

In order to cross-connect a subscriber’s line, it is not 
only necessary to run a three or four wire cross-connection between 
the terminal strips on the horizontal and vertical sides of the 
I. D. F. but also to see that the sleeve circuit at the line switch 
frame has associated with it the proper resistance. It is also 
necessary to strap the two message register punchings on the ter- 
minal strip at the line switch frame if no message register is 
associated with the circuit. The following table indicates the 
requirements at the intermediate distributing frame and the line 
switch frame. 


Line 

Coin and non-coin 
subscribers* jines. 
Last lines of P *B «X» 
groups. 

No message registers 


Coin and non-coin 
subscribers* lines. 
Last Lines of P.B.X. 
groups. 

With message regis- 
ters. 


I.D.F. 

4 wire cross-connec- 
tion for subscriber’s 
line and checking 
multiple . 


3 wire cross-connec- 
tion for subscriber’s 
line. 

2 wire cross-connec- 
tion for message 
register and checking 
multiple . 


Line Switch Frame 


Strap message regis- 
ter leads at terminal 
strip • 

Use 100 ohm and 575 
ohm windings of cutoff 
relay in series. 

Strap out 1600 ohm re- 
sistance of "make busy" 
resistance • 

Use 100 ohm and 575 
ohm windings of cutoff 
relay in series. 

Strap out 1600 ohm 
resistance of "make 
busy" resistance. 
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Line 

P.B.X. lines other 
than las t lines of 
groups. 

No message registers. 

P.B.X. lines other than 
last lines of P.B.X. 
groups. 

With message register. 


I.D.P. 

4 wire cross-connec- 
tion for subscribers 1 
lines and checking 
multiple . 

3 wire cross-connec- 
tion for subscr ibers* 
lines . 

2- wire cross-connec- 
tion for message 
register and checking 
multiple • 


Line Switch Frame 

Strap message register 
lends at terminal strip, 
Use 100 ohm winding 
of cutoff relay. 

Use 100 ohm winding 
of cutoff relay. 


Before O.K.'ing any assigned line switch equipment which has 
been lying idle for some time it should be subjected to the routine 


tests before being cut into service. 
Inter-Offioe Trunks. 


The frameman should understand that in running cross-connec- 
tions for incoming or outgoing inter-office trunks he should first 
make certain that the circuits have been made busy, "/henever any 
selectors which have been lying idle for some time are assigned for 
use they should be subjected to the routine tests before being cut 
into service. 

Intercepted Service Lrunks* 

The intercepted service trunks which terminate before the 
intercepting operators are provided for intercepting calls on sub- 
scribers lines because of - 

1. Numbers changed or disconnected. 

2. Numbers temporarily transferred. 

3. Numbers incorrectly listed in the directory, etc. 

4. Numbers on which service is denied for non-payment 
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of bills ( party line subscribers only) 

5. Numbers corresponding to vacant terminals. 

The intercepted service trunks are cabled to the vertical 
side of the I.D.F. terminating on a four point terminal strip ar- 
ranged for tip (T), ring (R ) , sleeve (s) and lamp (L) conductors. 

A three wire cross-connection (T.R.o.) is required. 

The frazneman should understand that for cases #1, 2, 3 
and 4 preceding usually only one subscriber^ line is cross-connected 
to one intercepted service trunk, although occasionally two or three 
subscribers lines may be assigned to one intercepted service trunk 
in which case the cross-connections should be bunched at the inter- 
cepted service trunk terminal strip on the vertical side of the 
I.D.F. 

For Case # 5 an entire bank of 100 vacant terminals may 
be cross-connected to one intercepted service trunk. This is accom- 
plished by strapping the adjacent T.R. find S conductors at the lttgs 
on the final multiple terminal strips on the horizontal side of the 
I.D.F. and running a single T. R. and S cross-connection to the 
intercepted service trunk terminal strip. If a considerable number 
of small scattered groups of vacant terminals are assigned to be 
cross-connected to one intercepted service trunk the necessary 
strapping and cross-connections should be confined to the lugs 
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on the final multiple terminal strips on the horizontal side of 
the I.D.F.; i.e., no more than two or three cross-connections 
should be bunched on the intercepted service trunk terminal strip. 

Individual lines on which service is denied for non-pay- 
ment of bills should be opened at the line relay by "tooth picking" 
the latter so that it cannot be operated. The subscriber thus 
cannot originate any calls, although he may receive incoming calls. 
Party line subscribers besides having their incoming calls inter- 
cepted will be prevented from originating calls by having their 
circuits opened at the subscribers premises or drop terminal box. 

The frarreman should understand that upon disconnecting 
a subscriber’s line by removing the cross-connection at the final 
multiple terminal strip he should promptly connect thereto the 
cross-connection from the assigned intercepted service trunk. 

This iB necessary in order to avoid the possibility of false don’t 
answer reports. 

Note: The method of handling subscribers lines in 

cases of non-payment is under active discussion 
at the present time, so that the method of 
procedure herein outlined may be changed. 

General Precautions. 

The frameman should understand that inasmuch as connections 
in a machine switching office are set up through the instrumental- 
ity of pulses of brief duration, it is very important that in 
working about the frames, he should avoid momentarily grounding, 
short circuiting, or opening any part of the subscriber’s line or 
trunk circuits. 
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For listening in on circuits he should always use a tele- 
phone set equipped with a condenser, .for example hand set D-18606 
equipped with two cords per Specification D-29979, as illustrated 
in the attached photograph. 

When it is necessary to open up a tip (t), ring (R), and 
sleeve (3) cross-connection of a subscriber's line at the inter- 
mediate frame, the frameman should always open up the tip (T) and 
ring (R) conductors first, and the sleeve (S) conductor last. 
Vice-v^rsa, should he wish to close through a cross-connection, 
he should close down the sleeve (3) conductor first, and tip (T) 
and ring (R) conductors last. This procedure is necessary in order 
to avoid the possibility of final selectors picking up the line 
and thus sending ringing current into the line relay circuit before 
the cutoff relay has operated to disconnect the subscriber's line 
relay. 

The freeman should understand that if a J.B.X. line 
ot ner than the last line of the group is out of order, and if the 
testman requests him to make it busy, he should do so by n tooth 
picking” the normally closed contact on the stepping magnet and 
then manually stepping the associated line switch to its second 
position. This procedure will make the line test busy to incoming 
calls. To restore the circuit to normal it is only necessary for 
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the frameman to remove the toothpick. 

If the frameman has occasion to open up the sleeve 
wire of a cross-oonnection on a l .B .X. line other than the last 
line of the group, he should see that immediately after opening 
the connection, a temporary 2200 ohn resistance to battery is 
connected thereto. This is necessary so as not to interfere with 
the finding of the other lines in the P.B.X. group. For this 
purpose he can use the 2200 ohm make busy resistance of an unassigned 
line. Under no circumstances should the sleeve wire of a P.B.X. 
line, not the last line, be left open for any appreciable length of 
time, because the line under this condition tests idle to incoming 
calls. 

In connection with the plugging up circuits, at the 
H.D.P. the frameman Bhould understand that these should only be put 
up and taken down at the request of a testman. In putting up the 
patching cords at the M.D.P. the frameman should be sure to insert 
the plug into the jack box first and then to establish the connection 
at the arresters. On disconnecting he should disconnect at the 
arresters first and then remove the plug at the jack box. This 
procedure must be followed, otherwise the signals associated with 
the plugging up circuit at the trouble desk will be confusing. 
Translator Pross-connecti ons . 


switchmen 


The translator cross connections will be run by the 


Bulletin N °- 17 - 


Dir. B 

Sec. XV - Lubrication 

12/1/20 

Douglas A Tyler, Omaha. 


DIVISION B 

FULL MECHANICAL OFFICES 

Section XV Lubrication. 

In this section the lubrication of the power drive equipment 
and also of the driven equipment is covered. Instructions are 
given as to how frequently parts should be lubricated, what kind 
of lubricant to use, and how it should be applied. 

A record should be kept of this work on the "Progress 
Record" form. 


Power Drive Equipment 


Drive Motors 

Gear Boxes 

Vertical Shaft Bearings 


Frequency 

Two weeks and 
semi- annual 1 y . 

Semi-annually. 

As required. 


Apparatus 


Frequency 

Sequence Switches Annually 

Interrupters Monthly 

Subscribers Rotary Line 
Switches (120C Type) 

Translators (1202-C 
Selectors ) 

ether Rotary Switches 
(1200 Type) 

In taking equipment out of service in order to lubricate 
care should be taken to leave enough facilities to handle traffic. 
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Srive Motors 

The wotori* hare ball bearing*, which should be lubricated 
every two weexs by inserting a few drops of machine oil in the bear- 
ing. then shipped fro/e the factory, the bearings are packed with 
heavy grease. The length of time that one packing of grease will 
last will depend upon the service required of tne rotor. Tests made 
on motors already installed and operating indicate that the bearings 
will have to be repacked at least every six months. Kirther tests 
on this point will be necessary before a final decision can be made, 
uear Boxes 

<»ear boxes require cleaning and a change of oil once every 
six months. The denning consists of washing the gear boxes with 
cewseercial carton tetrachloride, after draining the used oil fro» 
the gear cases. 

Vertical - haft. -Bear iaes. 

The bearings on the sequence switch drive shaft are ball 
bearings and do not require lubrication under ordinary conditions. 

If heating develops or the bearing squeaks two or three drops cf 
machine oil should be applied to the upper felt surface of the 
bearing. Sxtree* care should be taken to avoid excess oil on 
account of its tendency to spread to the driving plates, thereby 
causing slipping sequence switches. 


Apparatus 


Seouence Switches 

Sequence ssltche* should be lubricated at the time the 


Bulletin No. 17. -3- B 

Sec. XV - Lubrication 

12 / 1/20 

Douglas A Tyler, Omaha. 

annual inspection is made. Before inspecting for end play (see 
H Adjustment and Inspection of Sequence Switch Drive Plates 1 *) 
loosen the clamping screw, more the bearing pin about l/l6* to 
the right and tighten the clamp. Apply vaseline to the exposed 
bearing surface of the pin and then move the cam shaft to the 
right to expose the bearing surface at the left end of the shaft. 
Lubricate the left hand bearing with vaseline applied on the end 
of a small sti cic carefully inserted between the driven disc and 
the switch frame. Apply a small drop of watch oil on the end of 
a toothpick to the H A M cam roller bearing pin. Set the bearing 
pin so as to leave no end play and after partly tightening the 
clamping screw continue with the adjustment and inspection. 

Interrupters 

Apply vaseline to interrupter cam surfaces and gears 
monthly and see if the roller on the reciprocating bar turns 
freely. If the roller shows a tendency to bind lubricate its 
bearing pin with watch oil and attempt to remove the binding 
condition by applying pressure to the right hand end of the 
reciprocating bar while the interrupter is operating. Under ordinary 

conditions the lubricant on the cam surface suffices for the roller 

* 

bearing pin. Care should be taken to avoid lubricant on the re- 
ciprocating bar, since there is danger of its creeping to the 
insulating studs. If there is any evidence of this condition the 
reciprocating bar should be thoroughly cleaned with cheese cloth 
moistened with commercial carbon tetrachloride. 
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Section XVI Power Plant. 


EMERGENCY MOTOR ALTERNATOR SETS. 


Description ; 

Two emergency alternator eats, one motor-driven from 
the battery and the other driven by a steam turbine are provided 
to aupply power to the drive motors when the regular service 
fails. The motor set consists of a P.C. shunt motor, a three- 
phase three-wire generator, and a counter F.M.F. generator, 
mounted on the same shaft. The D*C* motor operates from the 48 
v^lt storage battery. The alternator has a revolving field with 
the field leads brought out to slip rings, and the field 
separately excited from the 48 volt storage battery. The counter 
F.K.F. generator is a small shunt-wound D.C. generator used for 
regulating the voltage of the alternator. A speed regulator 
centrifugal switch is mounted on the end of the motor shaft. The 
engine driven set consists of a steam turbine connected to a 
generator furnishing power of the same characteristics as the 
A.C. supply. 

Operation ; 

The control equipment is arranged so that there is a 
"Normal" and an "Tmergency" power supply. The A.C. service is 
regularly the "Normal " supply, and the drive motors are operated 
from it. The motor-generator set is the regular "Emergency" 
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supply, and in case of failure of the "Normal* service the motor- 
generator set is started automatically and the drive motors 
started in successive groups from this generator, with a short 
interruption of telephone service. As the battery capacity is 
sufficient for operating the motor-generator set for a few hours 
only, the engine-driven generator set is started when the outside 
power service fails, and may be connected as the "Normal" power 
supply. Transfer of the load from the "Emergency" service to 
the "Normal" service may then be made automatically, with & short 
interruption of telephone service, or manually without interrup- 
tion. 

The switching arrangement also permits the engine-driven 
generator to be connected as the "Emergency" supply. If for any 
reason it is desired to take the motor-generator set out of 
service, the engine-driven set is run idle and connected as the 
"Emergency" supply to carry the drive motor load in case of failure 
of the "Normal" A.C. Service. 

BATTERY SELECTION . 

The 4ft volt Central Office Battery consists of two 24-cell 
batteries. These are connected so that either, or both in 
parallel, may be used to supply power to the telephone equipment 
in the office. 

In order to reduce the momentary drain on one battery when 
the emergency motor-generator must be started, the circuits are 
arranged eo that the motor drain will be taken from the battery 
which ia not supplying the telephone drain. If the batteries in 
parallel supply the telephone drain, the motor drain will also be 
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■taken from both in parallel. 

The selection of the batteiy to supply the telephone 
drain is made by two switches on the battery Euse Panel. These 
switches are also provided with auxiliary contacts, from which 
connections are run to the operating coils of two motor-starting 
contactors, which connect the motor to the batteries. The position 
of the switches on the Battery Euae Panel allows the contactor 
which will connect the emergency motor to the idle battery or 
the batteries in parallel to close. 


< 



i 


EMERGENCY CONTROL EQUIPMENT. 

The following drawings showing the emergency control 
equipment are attached 

1 - Emergency Control Board (Eront View) 

2 - A.C. Circuit 

3 - A.C. Control Circuit 

4 - A.C. Voltage Regulator Cirouit 

5 - Motor Start Circuit 

6 - Speed Regulator Circuit 

7 - Drive Motor Control Circuit 
Drawing References: 

Equipment listed and described below is located as shown 
on Drawing No. 1 and numbers in parentheses refer to corresponding 
numbers on that drawing. Where any of these pieces of mechanism 
is shown on other drawings the same reference numbers are used. 
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A.C. Line Switch (20): 

The A.C* Service for the drive motors is brought in to 
the right aide of the triple-pole double-throw knife switch (20) 
on the lower right oanel of the emergency control board. This 
switch, when closed to the right, connects the drive motors 
through fuses mounted on the rear of the board and through the 
line contactor (l) to the A.C. service; when closed to the left, 
it connects the drive motors to the engine-driven generator. To 
the center studs of this switch are also connected leads to the 
motor-generator sets for charging the storage batteries. Upon 
power failure the drive motor load is automatically transferred 
to the motor-generator set. If the oower failure lasts for any 
length of time the engine-driven generator should be started and 
this switch closed to the left, automatically transfering the 
the drive motor load to the engine-driven set with a short inter- 
ruption of telephone service, or this transfer may be accomplished 
manually without interruption to telephone service. This latter 
condition may be desired during a busy traffic period, when any 
interruption of telephone service must be avoided if possible. 

A.C. Contactors (l) and (2): 

Two triple-pole A.C. contactors (l) and (2) are provided. 
These are mechanically interlocked so that both can be open but 
only one can be closed at a time, facing the board, the contactor 
at the left (l) connects the NORMAL service to the drive motors. 
The closing coil of this contactor is connected across the A.C. 
service through an auxiliary switch and through control switches 
"B", M C" and "L". The auxiliary switch is closed when the line 
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contactor (l) is closed. It is connected in parallel with the 
normally open pull-button switch "B" and one throw knife switch 
"C", and in series with the normally-closed pull- switch i'or 

the line contactor (l) to close, the service through switch #20 
must be on, and either knife switch W C H closed to the left or 
pull-button switch "B 1 operated. The auxiliary switch holds the 
contactor (l) closed when pull-button switch "B" is released after 
operating. The control circuit of line contactor (l) is also 
connected through an auxiliary switch on generator contactor (2) 
so that the latter must be open before the former can close. The 
contactor opens at approximately 50^ of normal line voltage (the 
normal voltage is 220 ) and closes at approximately 150 volts A.C. 

The A.C. contactor (2) at the right connects either the 
motor-driven or engine-driven generator to the drive motor lead. 
The coil of this contactor operates from the storage battery and 
closes the contactor when the A.C. power fails and the emergency 
motor-alternator set is running at the proper speed. This con- 
tactor is provided with two auxiliary switches or electrical 
interlocks, which are open when the contactor is closed and closed 
when the contactor is open. One of these interlocks is connected 
across a resistance in series with the coil of the contactor. 

When the contactor is open the resistance is short circuited, al- 
lowing maximum current to flow through the coil for closing. 

When the contactor has closed the shunt is removed from the resis- 
tance, which allows only enough current to flow to hold the con- 
tactor closed. The other interlock is connected in series with 
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the closing coil of the NORMAL line contactor (l) so that the 
coil of the line contactor (l) cannot be energized until the 
generator contactor (2) is open. A.C. power is brought to the 
generator contactor (2) from the middle stud of the triple-pole 
double- throw generator switch (19). Connections for this equipment 
are as shown on drawing Nos. 2 and 3. 

A.C. Voltage Relay (7): 

On the top center panel of the board beside the A.C. line 
contactor (l), is mounted a double-pole Voltage Relay (7). The 
contacts of this relay are arranged to be open when the coil of 
the relay is energized. The coil is connected across the A.C. 
service through the auxiliary switch of the line contactor (l) 
and through control switches "B", "C" and "D". Its operation is 
the same as that of the coil of line contactor (l) except that 
its coil may be energized with the generator contactor (2) either 
open or closed. When the A.C. power fails or the circuit is 
otherwise opened the contacts of this relay close and establish 
the closing circuit of the automatic starter for the emergency 
motor-generator set. This relay is adjusted to release (closing 
the contacts) at about 50# of the normal line voltage (110 volts ), 
and to pick up (opening the contacts) at about 140 volts A.C. 

Mo tor- Starting Contactors (3.4.5 and 6): 

Four single-pole contactors (3,4,5 and 6) are located 
beneath the accelerating relays (9,10 and 11 ) and the A.C. voltage 
relay (7). When the emergency motor-generator set is to be started 
automatically these contactors close in succession. The first 
contactor to close (3) or (4), depending upon which storage battery 
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is in use, connects the motor to the storage battery emergency 
service through the entire starting resistance* The second con- 
tactor (5) in closing cutB out a portion of the starting resis- 
tance. The third contactor (6) cuts out all the starting resis- 
tance. The intervals bct?/een the closing of these contactors are 
determined by the automatic ” 1110 tor accelerating** relays (9,10 and 
11), which operate when the motor current i3 suitably reduced. 

These relays are mounted under a cover directly above the single 
pole contactors (3,4, 5 and 6). Connections for the motor start- 
ing contactors are shown on dra*/ing No. 5. 

Motor Accelerating Relays (9. 10 and 11) : 

Connections of these relays are shown on drawing No.- 5. 
iSach motor accelerating relay has two coils and a contact 
ana, which i3 held open against the pull of a spring when either 
coil is ehergized. One coil of the first relay (9) is connected 
across the terminals of the first motot contactor (3). The other 

coil of this relay ia connected across the portion of the resis- 
1 2 

tance (R H ) which is to be short circuited by the third contactor 
(5). One coil of the second relay (10} is connected across the 
terminals of the second motor contactor (4). The other coil of 
this reiaj/ is connected across the portion of the starting resis- 
tance (R R? which is to be short circuited by the third contactor 
(5). The fir 3 t and second relays are so connected that whichever 
closes, depending upon which storage battery is being used the 
third motor contactor ( 5 ) will be closed. The third accelerating 
relay (ll) has one coil connected across the resistance (R 1 R 2 ) 
which is hhort-circuitcd by the third motor contactor (5) The other 
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coil is connected across the remainder of the starting resistance 
(f^R 2 ). This third relay (ll) iB arranged so that when it closes, 
the luurth motor contactor (6) will be closed. The operation of 
the contactors and relays is as follows: 

The first (3) or second (4) motor contactor, depending on 
which battery is being used, is closed by the closing of the A.C. 
voltage relay (7). When the first or second motor contactor closes 
it short circuits one coil of the corresponding accelerating relay. 
This relay contact is then held open by the voltage drop across a 
portion of the starting resistance (R^K 2 ). As this resistance is 
constant the voltage drop will be proportional to the current flow- 
ing through it, which is the same as the current flowing in the 
motor armature. When this current has decreased to a proper value, 
the contact arm of the accelerating relay (9) or (10) will be re- 
leased and the contacts closed by the pull of the spring. 

When the contacts of the first (9) or second (10) relay 
close, the third motor contactor (5) closes. This short circuits 
a portion of the starting resistance, fH^9^) t and at the same time 
short circuits one coil of the third accelerating relay (ll). The 
contact arm of this relay (ll) is then held open by the second 
coil, which is energized by the voltage drop across the remainder 

o T 

of the starting resistance (R K ) and is proportional to the current 

flowing in the motor armature. W 7 'n this current has dropped to 

the proper value, the contact arm will be released and make contact, 

closing the fourth motor contactor (6) which cuts out all of the 

1 3 

starting resistance (R R ). 
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A.C. Generator Switch (19): 

Above the A.C. Line Switch (20) is a triple-pole double- 
throw knife switch (19) which connects the emergency motor-genera- 
tor or engine-driven generator to the "EMERGENCY "line contactor 
(2). Por normal service, (that is, for automatic starting of the 
drive motors from the emergency motor-generator set) this generator 
switch should be closed to the right. If the engine-driven gener- 
ator is to be connected as "EMERGENCY ” service this generator switch 
should be closed to the left. 

Three auxiliary switches are provided on this switch. They 
perform the following functions. 

When the switch is closed to the right the motor-generator 
set provides reserve service for the drive motors. Two of the 
auxiliary switches are then closed. The upper one completes the 
circuit for starting the motor generator set in case of a power 
failure, the lower one connects the generator contactor (2) to 
close after the motor generator set attains proper speed. 

When the switch is closed to the left, the engine-driven 
set provides reserve service. The starting circuit of the motor- 
generator set is disconnected so that it will not start on power 
failure, and the coil of generator contactor (2) is connected 
through the auxiliary switch at the left so that the contactor 
closes immediately on power failure, connecting the drive motors 
to the running Engine-driven generator. 
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Generator Field Transfer Switch (lfl): 

A generator field transfer switch (lfi) is located beneath 
the generator contactor ( 9 ). This is a double-pole double-throw 
switch of the circuit-maintaining type. When the switch is closed 
up-ward the counter E.lff.F. generator and the voltage regulator 
are connected to the A.C. motor-generator and voltage regulation 
is automatic. When it is closed downward the automatic regulating 
equioment is disconnected and a hand operated field rheostat (17) 
is connected in the motor-generator field. 

Transfer switch (a) : 

Below the generator contactor (2) is a small triple-pole 
double-throw circuit-maintaining switch (A). Two poles of this 
switch keep A.C. voltage continuously on the drive motor control 
circuit. The switch is normally closed downward, supplying volt- 
age from whichever A.C. source is supplying the drive motors. When 
it is desired to transfer the motor load from A.C. line to A.C. 
generator or vice versa (during which both contactors are momentar- 
ily open) this switch is closed upward, taking voltage direct from 
the A.C. generator. A resistance is connected in one of the leads 
to the A.C. generator so that when both circuits are closed the 
resistance will limit the high circulating currents which may 
be present, since the A.C. line and the A.C. generator are not 
synchronized. The resistance is so designed that it will not re- 
duce the voltage on the control circuits sufficiently to interfere 
with the operation of current limit relays and the group contactors. 
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The third Dole of the circuit-maintaining switch is 
connected so that when closed normally downward the coils of the 
automatic motor-starting contactors will be connected to be ener- 
gized by the closing of the A.C. voltage relay (7). When closed 
upward, however, the starter coils will be connected directly 
aero 88 the battery so that the set will run as long as the drive 
motor control circuit is energized from the A.C. generator. If 
by accident the switch is closed upward when the generator is 
not running the emergency set will start automatically and run 
until the transfer switch (A) is closed downward. 

Line Contactor Control Switch (C); 

Below the transfer switch (A) is a single-pole double- 
throw knife switch. (C). Under normal ooeration with thia switch 
closed to the left, a power failure on the A.C. line will cause 
the emergency motor-generator set to start automatically and the 
motor load to be transferred to the A.C. generator. On return of 
the A.C. service the load will be transferred to the A. C. line 
automatically and the emergency motor-generator set will stop. 

When this switch 1 b open or closed to the right the transfer to 
the A.C. motor-generator on power failure will be automatic; but 
on return of the A.C. service, the transfer from generator to line 
must be made manually by the attendant. 

Pull-Button Control Switches (B and 1)) 

Momentary-contact pull-button switches (B and B) are located 
below the Transfer switch (a) . These switches are used in the 
manual transfer from line to generator or vice versa. 
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Motor Line Switch (15): 

A triple-pole single-throw knife switch ( 13 ) is located 
on the lower left panel of the emergency control board. Leads 
from the storage batteries are brought to the upper aontacts of 
this switch. There is a mechanical interlock attached to the 
handle of this switch so that the manually operated motor start- 
ing switch (12) located beside it, cannot be closed until after 
this line switch has been closed and must be opened before this 
line switch is opened. This prevents accidental closing of the 
line switch with the starting switch closed, which would connect 
the D.C. motor across the line with the starting resistance cut 
out. 

Motor Starting Switch (12): 

Beside the motor line switch (13) a manually operated, 
type H-16, notching-in switch (12) is provided for the manual 
starting of the D.C. motor. 

Auxiliary Control Relay (8): 

Associated with the motor starting switch (124 is an 
auxiliary control relay (8) and two interlocks. When the motor 
starting switch is open the lower interlock as shown on drawing 
No. 5 is closed* The upper interlock is closed by a push 

button in the handle of the starting switch. When the starting 
switch is open and this button is pressed it closes the circuit 
causing contactor (3) or (4) to close, which in so doing causes 
the auxiliary control relay contacts (8) to close, thereby main- 
taining the cirauit when the switch is moved from the open position 
and the lower interlock opened. The circuit of the upper interlock 


Bulletin Ho. 17. -13- Div. B. 

Section XVI. 

Power Plant. 

12 / 1 / 20 . 

Douglas & Tyler f Omaha. 

is maintained “by the starting switch in the closed position. 

Care must he excerised that the push-button in the handle of the 
starting switch (12) is held in until the switch is in the closed 
position. Failure to do this will cause the battery selecting 
contactor (3, or 4) to open and the motor to stop. 

Regulator Equipment! 

The glass case on lower center panel contains the voltage 
and speed regulating relays, with which are associated six revers- 
ing switches. The upper relay is for the regulation of the volt- 
age of the emergency alternator, and maintains this voltage with- 
in the limits of plus or minus five percent of the normal voltage. 
This voltage may be checked by readings of the A.C. voltmeter. 

The lower relays are associated with the centrifugal speed regulator 
of the D.C. motor to maintain the motor speed and the frequency 
of the alternator within the limits of plus or minus two percent 
of normal. The speed of the emergency set may be checked by means 
of the frequency meter. 

Speed Regulation: 

Speed regulation connection are shown on drawing No. 6/ 

The motor of the emergency set is shunt wound, and speed 
variation and regulation is obtained by varying the current in 
the shunt field, which is most conveniently done by varying a 
resistance is series with the motor field. For this purpose a 
field rheostat (16) is connected in the motor field circuit. Auto- 
matic regulation of speed is obtained by means of the centrifugal 
switch on the motor shaft. If the motor runs below the proper 
speed the centrifugal switch contacts open and the Eheostat re- 
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si stance is connected in the motor field by the speed regulating 
relays. This reduces the field current and increases the speed 
of the motor. When the motor runs at a higher speed than that 
required for normal generator frequency the contacts of the 
speed regulating relays close, due to the closing of the centri- 
fugal switch, and short circuit the field resistar.ee. This puts 
an increased field current on the motor and reduces its speed. 

When the motor is running at normal speed the regulator contacts 
open and close rapidly, resulting in an effective resistance which 
gives the proper field current to maintain this speed. 

The speed regulating relays have two differentially wound 
or "bucking" coils, one of which is controlled by the contacts of 
the regulator switch. The other coil is connected through a resistor 
across the D.C. line. When the centrifugal switch is open this coil 
holds the relay contacts open. When the centrifugal switch closes it 
connects the other differential winding across the storage battery, 
neutralizing the effect of the first coil and allowing the relay 
contacts to close. 

Associated with the speed regulating relays are the reversing 
switches, situated below the relays. These are provided to reverse 
the direction of current flow across the regulator centrifugal switch 
contacts and the regulator relay contacts, reducing the electrolytic 
action, and lengthening the life of the contacts. A routine should 
be established to provide for the operation of these reversing switches 
at regular intervals such as before each emergency run or routine 
test. The switches should not be opened while the motor is running 
as this may cause overspsedingo . 
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ISpeed Regulator Disconnect Switches: 

Belov the reversing switch of each speed regulator relay is 
a single-pole single-throw switch of the same type. The switches 
should be opened only when it is desired to disconnect the auto- 
matic regulation and regulate manually by means of the hand oper- 
ated field rheostat (16) above these speed regulating relays. 

When manually operated the frequency meter should be observed to 
determine when the rheostat has been properly set. 

Caution: When the motor field rheostat is set for automatic speed 
regulation, it is set at a point indicated hy a vertical mark on 
the rheostat. The amount of resistance required for automatic 
regulation exceeds the amount required for manual regulation: it 
is t herefore advisable to dec /ease this amount of r esistance con- 
si riere/bly before c hanging from automatic r egulation to hand regula- 
tion , 

Voltage Regulation; 

Voltage regulator connections are shown on drawing No. 4. 

The A.C. generator is separately excited from the storage 
battery and ite voltage msy be readily varied by changing this 
excitation. This is done manually by operating the rheostat (17) 
in the generator field circuit. 

For automatic voltage regulation the armature of the 
counter E.U.E. generator is connected in the alternator field cir- 
cuit. This counter E.M.E. generator is used as an automatic field 
rheostat; it is a low voltage machine and opposes the D.C. excit- 
ation. Associated with the counter E.M.E. generator is a potential 
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transformer and a voltage regulator relay, mounted on the emergency 
control hoard. The potential transformer is connected across one 
phase of the leads from the alternator. The secondary of this 
transformer iB connected through a resistor to one coil of the 
regulator relay. The contacts of this regulator relay are normally 
closed and short circuit the shunt field of the counter E.M.P. 
generator. When this condition exists there is no voltage output 
from the counter E.M.P. generator opposing the A.C. generator 
excitation, and the alternator will deliver full voltage. When the 
A.C. voltage increases beyond the allowable limit the coil of the 
regulator relay will open the contacts. This will put full field 
on the counter E.M.i*. generator, the armature of which will oppose 
the excitation of the A.C. generator, reducing the A.C. voltage. 
When the alternator is delivering normal voltage the regulator 
relay contacts open and close rapidly, producing an effective ex- 
citation on the counter K.M.P. generator, which in turn produces 
a sufficient voltage opposing the excitation of the generator to 
maintain the A.C. voltage constant. 

An additional winding is provided on the regulator relay. 
This is called the "Speed Coil" and is connected in series with 
the field of the counter E.HT.P. generator. This coil is short 
circuited by the contacts of the regulator relay. When a slight 
increase in A.C. voltage opens the regulator relay contacts, the 
speed coil is immediately energised and aids the A.C. coil in 
opening the contacts. When a decreasing A.C. voltage allows the 
regulator contacts to close, the speed coil is chort circuited and 
its action neutralized. 
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Generator Pleld Rheostat (17) 

Por emergency operation in case of failure of the auto- 
matic regulating equipment a hand ooerated field rheostat ( 17 ) 
is provided for the A.C. generator. This may be adjusted manu- 
ally to give the required A.C. voltage. 

Ammeter Switch (14): 

A turn-button ammeter switch (14) is provided for read- 
ing the current in any phase of the circuit supplying power to 
the drive motors. This switch connects the ammeter in any one 
of three leads to the secondaries of two current transformers, 
and at the same time short circuits the secondary of the trans- 
former which is not in use. 

Voltmeter Switch (15); 

The voltmeter switch (15) can be used to read the volt- 
age of any phase of the A.C. service or one phase of either 
emergency generator. The frequency meter is connected in multiple 
with the voltmeter so that simultaneous readings of the A.C. volt- 
age and frequency are obtained. 


DRIVE MOTOR CONTROL BOARD. 


General: 

In order that the drive motor board may be connected to 
the emergency motor-generator set without the excessive start- 
ing current overloading the A.C. generator or retarding the 
speed of the D.C. motor, the drive motors have been divided into 
ten approximately equal groups which are connected to the alternator 
(or to the line) successively when starting. Apparatus and con- 
nections of this equipment are shown on drawing No. 7. 
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The first group of drive motors is connected directly to 
the line or to the generator through a current limit relay and 
fuses. When the drive motors of this group have accelerated so 
that the motor current is reduced sufficiently, the current limit 
relay operates and closes the associated contactor, which connects 
the second motor group through another current limit relay to the 
A.C. supply. When the current to the second group is reduced 
sufficiently the relay closes and the contactor connects the third 
motor group. This successive operation of current limit relays and 
contactors continues until all of the groups of motors have been 
connected to the power supply. 

Contactors : 

Each contactor has three poles and is operated by a coil 
(C ) which is connected in parallel with an auxiliary coil ( A ) 
and in series with a coil (B) across one phase of the power supply 
from the emergency control panel. One line of the A.C. service 
feeds a bus which connects directly to each fuse block for the 
drive motor group leads. A second line connects through one pole 
of each contactor (except for motor group #l) to the fuse block 
for the next succeeding drive motor group. A third line connects 
through the middle pole of each contactor and the series coil of 
the current limit relay on the contactor next in succession to the 
fuse block for each motor group (except for motor group #l). The 
third pole of each contactor connects the closing coil of the next 
succeeding contactor across the control circuit. 
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Current Limit Relays: 

Each current limit relay consists essentially of two coils, 
a series coil (s) in one lead to a group of motors, and a shunt 
coil (E) energized by a separate control circuit. These two 
coils are mounted aide by side and each has a vertical plunger or 
movable core. At the bottom the two plungers are connected by a 
walking-beam. The plunger of coil ( B ) is fastened to the walking- 
beam and is heavy enough to raise the olunger of coil (s) when the 
coil (B) is not energized. The plunger (S) is not fastened to the 
walking-beam, but is held up by it. At the top of the coil (s) 
is a pivoted contact arm mounted horizontally, with a counter 
weight heavy enough to hold the contact open. The counter weight 
of this contact is arranged to be held up by an auxiliary coil 
(A) energized by the control circuit. The plunger of coil (o) 
works on the contact arin so that when the plunger drops the con- 
tact is closed; when the plunger is up the contact will remain 
closed if the counter weight is held up by coil (A). The group 
contactor coil (C) is connected in parallel with the auxiliary 
coil (A). 

When the relay contacts are open, coil (B) i3 connected 
across the control circuit is series with auxiliary coil (a) and 
contactor coil (C) in parallel. Coil (B) has relatively much 
higher impedance than coils (a) and (C) in parallel, so that most 
of the voltage drop is across (B). This drop is sufficient to 
pull up the plunger (B), but the small drop across (C) is not 
sufficient to close the contactor. When the relay contact is 
closed coil (£) is short circuited and the full voltage of the 
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control circuit is across coils (A) and (C). The contactor is 
closed by (C) while (A) holds up the counter weight keening the 
contact closed and coil (B) short circuited. 

Operation: 

When the A.C service or A.C. generator is connected to 
the Drive Motor Control Panel the first group of drive motors is 
connected at once. The high starting current of the motors holds 
up the plunger of coil (s); at the same time the control circuit 
energizes coil (B) and pulls up its plunger. When the current 
to group #1 decreases sufficiently, the plunger of coil (S) falls 
and closes the relay contacts, short circuiting coil (B) and 
closing the contactor to group #2. When coil (B) is short cir- 
cuited its plunger drops and pushes up plunger of coil (s), but 
coil (A) holds the relay contacts closed. As the contactor closes 
it closes the A.C. service leads to motor group #2, and at the 
same time energizes the shunt coil (B) of the second current limit 
relay. This operation is repeated successively for the current 
limit relay and contactor of each group until all drive motors are 
running. 

When no interruption of service is desired the control cir- 
cuit is connected directly to the A.C. generator leads so that 
it will not be opened during the brief interruption of power when 
the actual transfer is made. The control circuit being uninter- 
rupted, coils (A) and (C) are continuously energized, and the 
group contactors and the contacts of the current limit relays are 
held closed. 
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Adjustment: 

The current limit relays may be adjusted by turning a 
weight on the olunger of the current coil, changing the current 
value at which the series coil plunger will fall with the shunt 
coil energized. As the object of the successive starting of motor 
groups is to reduce the instantaneous load on the emergency alter- 
nator, the relays should be set to close in the shortest possible 
time that will not overload the alternator. Trials made indicate 
that this condition is met when the interval between the closing 
of contactors having drive motor load connected is about one-third 
of a second, which means that the nine contactors when loaded Bhould 
close in approximately three seconds. 

OPERATING INSTRUCTIONS. 


Normal^ Operat ion : 

For normal operation the equipment on the emergency 
board should be as follows: 

1. The A.C. line switch (20) closed to the right. 

2. The motor-generator line switch (19) closed to the right. 

3. The motor line switch (13) closed. 

4. The motor starting switch (12) open. 

5. The "Auto Starting" switch (C) closed to the left. 

6. The generator field transfer switch (18) closed upward. 

7. The "Transfer Switch" (A) closed downward. 

8. Speed Regulator disconnecting switches closed. 

With this arrangement of equipment the "A.C. line 

contactor" (l) will be closed, the "A.C. generator contactor" ( 2 ) 
will be open, the "voltage relay" (7) contacts will be open, and 
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the four "motor starting contactors" (3,4, 5 and 6) will he open. 
Contactors and relays on the Drive Uotor Control Board will he 
closed. 

Power failure; 

With the equipment as descrihed in the proceeding para- 
graph, failure of the A.C. service will cause the following se- 
quence of operations: 

1. The contacts of the "Voltage Relay" (7) will close. 

2. The A.C. line contactor" (l) will open. 

3. Contactors on the Drive Motor Control Board will open. 

4. The "motor starting contactors" (3 or 4 and 5 and 6) 
will close in succession, starting the emergency motor- 
generator set. 

5. The "A.C. generator contactor" (2) will close with the 
last motor starting contactor. 

6. Contactors on the Drive Motor Control Board will close 
successively, starting the unit drive motors. 

In case of power failure the attendent should check the 
speed of the D.C. motor, hy reading the frequency meter, and the 
voltage of the generator from the voltmeter. 

If the power failure lasts for any length of time the 
engine-driven generator should be started and the drive motor load 
transferred to this unit either automatically, with a short inter- 
ruption of telephone service, or manually with no interruption of 


service 
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For normal operation the drive motors are connected to 
the A.C. service and the motor-generator set held in reserve to 
be started automatically in case of power failure. This is ac- 
complished by having both the line switch (20) and the generator 
switch (19) closed to the right. The engine-driven set may be 
used as the "NORMAL" supoly by closing the line switch (20) to 
the left, and the motor-generator set held as reserve with the 
generator switch (19) closed to the right. The engine-driven set 
may be run idle and held as reserve by closing the generator switch 
(19) to the left, thereby removing the motor-generator set from 
servic e. 

Routine Tests; 

The following routine tests may be made at any time with- 
out interrupting the power service to the A.C. motors. 

1. The engine-driven set should be started and connected 
as "reserve". 

2. The emergency motor generator set should be manually 
started with the "motor starting switch" (12). 

3. 

(a) Motor speed as automatically regulated should be checked 
by the frequency meter. 

(b) Disconnect the automatic regulator and obtain proper speed 
by adjustment of the hand rheostat. 

(c) Re-connect the automatic regulator and adjust the field 
rheostat for the proper motor speed. 

(d) Leave equipment set for automatic speed regulation. 


LILL 
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4. 

(a) Check the A.C. generator voltage, automatically regu- 
lated, with the A.C. voltmeter. 

(b) Close the generator field transfer switch downward. 

(c) Adjust the generator voltage by means of the field 
rheostat (17) if necessary. 

(d) Close the generator field transfer switch upward. 

(e) Adjust the regulator relay if necessary. 

(f) Leave voltage regulating equipment set for automatic 
regulation. 

Additional Testa: 

The following tests should be made during a period of 
very light traffice only, as they involve interruption of the 
telephone service. 

1. Open the triple-pole double-throw A.C. line switch (20). 
This is equivalent to failure of the A.C. service, and the opera- 
tion of all automatic contactors and relays should be observed. 

2. The motor speed and generator voltage should be checked 
with and without the automatic regulators, and any adjustments 
necessary should be made. 

3. The set should be operated as long as is necessary to 
establish its reliability. 



Bulletin Ho. 17 


DirJB. 

Sec. XVII Trouble Records 

12/1/20 

Douglas and Tyler, Omaha 


DIVISION B 

TOLL MECHANICAL OFFICES 
Section XVII Trouble Records. 

PRIMARY RECORDS 


The primary records on which trouble reports are recorded 
have already been described in the foregoing sections* 

They consist of the following: 

Repair Clerk 1 s Desk 
Records on subscribers 1 cards. 

Trouble Desk. 

JL.. Numbered series of tickets covering repeated stuck sendee, 

dial tone failures, repeated coin collect or refund failures, and 
trouble reports from operators. 

2. Permanent- Signal form, giving a recorc of permanent 

signals. 

^3. Subscribers-Sender-Lamps-Other-than-Permanent-Signal 

form, covering numbers incompletely dialed, stuck senders, non- 
deposit of coins, and coin collect and return irregularities. 
j|. Log book containing records of the alarms received at the 

Trouble Desk, also any general causes of troubles. 

Routine Tests 

1. Routine-Test form 

2. w« tickets 

Routine Inspections 
1 # Routine- Inspection forms 


2 


* 


tickets 
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SUMMARIES 


In this section the summaries made up from the above 
primary records are described. 

The summaries described should be made separately for 
each office. 

The list of these summaries is as follows: - 

Summary of trouble Reports, Signals and Alarms, 

Curve showing % of Originating Calls Encountering 
Stuck Senders. 

Curve showing % of Cordless "B" Calls Affected 
by Troubles both before and after 
selection is completed. 

Summary of Troubles Cl eared: - 

On Selector and Line Switch Frame 
Apparatus (except Relays and Message 
Registers) Sheet 1 

On Belays and Message Registers Sheet 2 
On Other Central Office Equipment 0 3 

On Dials. 

Summary of Trouble Reports. Signals and Alarms. 

On this form, sample attached, are shown all trouble 
reports, signals, and alarms, indicating troubles encountered by 
service calls; whether due to central office equipment, outside 
plant or substation troubles. The items entered on the form are 
obtained from the Repair Clerk’s and Trouble Desk records. The 
items are classified on the foim in accordance with their effect 
on the service. The purposes of the form are to show the amount of 
trouble reported and how seriously service is affected. By con- 
sulting the form, therefore, it can be decided whether any special 
measures should be taken to reduce troubles of a particular kind. 

This Torn should be made up by a plant clerk daily at 
first, but afterwards can probably be put on a weekly basis. 
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accordance with the primary records they are taken from 
Group A- Reports to Repair Clerk. 

• B- " " Trouble Desk 


The troubles are first divided into groups as follows in 


V 


C- Sender Lamp signals at the 
Trouble Desk. 


D- Alarms 


Group A. Reports to the Repair Clerk 


These reports are made by subscribers, direct to the 
Repair Clerk or by the subscribers, through others 
as Operators, Complaint Desk, Company officials, or 
Trouble Desk. 

On this kind of reports or complaints the information given 


is the subscribers line number and the nature of the trouble or 
complaint, and sometimes the number of the called line. 


Reports of this nature are divided by the plant clerk 


into classes in accordance with the effect on the serivce as follows 
Class 1. Subscriber’s line, station or central office equipment 


trouble reported by the subscriber over other than the 
line or station involved. 


Typical examples 

Can’t hear, can’t be heard, or both. 
Can’t call or be called. 

Telephone dead. 

Can’t disconnect froi previous call. 
Bell ringing continuously. 
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Ola sb o , Subscriber 1 8 report of out of service- outgoing calls. 

Subscriber’s line, station or central office equip- 
ment trouble reported by the subscriber over other than 
the line or station involved. 

.Typical exarapl es : - 

Can’t call. 

Can’t get Operator 
Can’t get '^tensions. 

Class 3, Subscriber’s report of out of service- incoming calls. 

Typical exampl es : - 

Bell does not ring. 

Crossed ringing on party line. 

Class 4. Subscriber’s report of trouble which does not altogether 

prevent giving service and on which it is necessary to 

test to locate the cause. 

Crossed. 

Cuts-out 
Cut s-off 

Koisy, clicks or bangs. 

Get numbers other than those dialed. 

Batteries weak. 

Inspect . 

Class 5. Subscriber’s definite report of trouble which does not 

altogether pnvent giving service and on which it is not 

necessary to make a test before sending a troubleman or 

taking other action. 

Cord or supervisory trouble on P.B.X. 

Mouthpiece or other part broken. 

Minor dial trouble. 

Bell box loose on wall or door open. 

Wire loose. 

Inspect a/c of alterations. 

Receiver hook sticks. 

Directory request. 

Coin equipment at station. 
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The above classification is merely a suggestion which 
may be found useful. The equipment involved is practically all 
manual equipment except for dials, so that if the present practice 
of classifying troubles has been found satisfactory for manual 
equipment, no change need be made in it. As noted later, the only 
troubles found as a result of these reports which it is suggested 
be segregated are those relating to dials. 

Group B, Reports to Trouble Desk. 

These reports will originate with the Traffic JSmployees 
who will report them over lines to the Trouble Desk. 

The information given usually is the location of the unit 
involved and the " Appearance to the operator*. 

Reports of this nature which are represented by Trouble 
Desk tickets are marked by the sv'itchmen to show into which of the 
following classes they fall. 

Class 1. A position completely out of service due to machine 
switching apparatus trouble where the use of the 
emergency equipment did not give relief, and where 
the maintenance man had to be called to clear the 
position. 

Typical examples: - 

Keys fail to relecse, cordless W B* 

Dial on "A* position out of service 

Class 2. Same as 1, but emergency equipment gave relief. 

Typical example 

Mechanical trouble, cordless "B* keys. 
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jSl o-as 3. Same as 1, but quickly restored to service by the traffic 
deportment, without using emergency equipment. 

Typical exemple:- 

Kevs Btuek at cordlcec "B" position but re- 
leased by depressing another assignment key. 
Class 4. A position or a group of trunks completely out of service 
due to other than machine switching apparatus troubles. 
Typical examples: - 

Operators telephone set trouble 
Call circuit trouble. 

Class 5, Trouble experienced on a call before completion of selec- 
tion. 

Typical example:- 
Stuek sender. 

Class 6. Trouble experienced on a call after selection is completed. 
Typical examples :- 
Cut-off 

Dell doosn*t ring. 

Class 7 . Other troubles. 

Typical example:- 
Defective apparatus. 

Group C, Sender Lamp Signals at the Trouble Desk, 

On this class of trouble the report originates with the 
Sender Monitor, 

At this point practically all apparatus trouble encount- 
ered on calls dialed by subscribers up to the time the called line 
is selected will be manifested. Some subscribers errors will also 


appear 
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In general the irregularities rill be divided in 
accordance with the effect cu the service and the method of 
handling as follows: 

Claes I. Permanent Signals including Cable Failures. 

" 2. Dialing Incomplete, 

* 5. Stuck Sender. 

* 4 . Failure to Deposit Coin. 

" 5. Failure to Collect or Refund Coin, 

Sroup D Alanas 

These alarms all appear at the trouble desk. 

Class 1. Blown fuses (except power plant) 

Class 2. District time alarm. 

Final * * 

Dine switch alam 
Cl .IBs 3. Motor stop alarms. 

Class 4. Power plant irregularities. 


Troub l e Curves 

A figure as will be rioted appears near the bottom of 
the form just described, which shows the percentage of originating 
call b affected by troubles, and another figure which shows the 
percentage of incoming calls affected by trouble. 

Curves on a daily basis should be made up from these 

figures, 

Su mmaries of Trou b les Cleared 
Two main purposes are served by these summaries. In the 
first place they show the amount of trouble cleared on different 
types of apparatus, thus pointing out apparatus or circuits which 
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should he studied with a vie* to improvement; and in the second 
place they chow how much trouble le cleared by men of the different 
types, thus forming a basis for determining how m^.ny men of the 
different types are needed. 

The summaries should he made up by a plant clerk weekly 
at first, and later perhaps on a monthly basis. 

Troubles discovered on routine inspections should be 

entered only when the trouble discovered was of a kind to require 

that a piece of apparatus be replaced as a whole or in part. In 

other words, s3 ight adjustments, which on account of the frequency 

of routine tests would probably not yet hs ve interfered with service 

should not be entered, as such entires would give a false idea of 

the amount of real trouble cleared. The routine inspection recordB 

should be consulted tc get an idea of the number of adjustment. 

Selector and line "witch Y rov.'.e Apparatus 
(except Relays and ibessage Ee^istersV Sheet 1 

A sample form is attached. The items to be entered are 
obtained from tickets originated either on account of troubles 
encountered by service calls, or originating from routine tests, 
or serious troubles discovered by inspection. 

Relays and Message Registers Sheet 2 

A £ ample form is attached. These troubles are of the 
same nature as those outlined for Sheet 1. 

Other Central Office >buipm<?nt Sheet 3 

A sample form is attached. The troubles entered are of 


a kind similar to those described for sheets 1 and 2 
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Summary of Dial Troubles, 

In order to determine the number of dial troubles, the 


subscribers 1 cards should, before being replaced in the file, be 


turned over to a plant cleric who will make a record to show: 

1. No. of Dials replaced due to:~ 

a. Bain spring broken 

b. Dial sticks 

c . Parts bent or broken 

d. Contact springs out of adjustment 

2, No. of Dials repaired at station due to:** 


a. Dial loose on mounting 

b. Instruction card holder 

c. Finger wheel bent 

d. Finger stop 

e. Dial cord trouble 

f. Number plate defective 

g. Dial fast 

h. Dial slow 


This record should be turned in daily to start with, but 
later can probably be put on a weekly basis, and still later perhaps 
on a monthly basis. 

A sample form is attached. 

The number of items in the twelve classes of troubles 
shown should each be divided by the total number of working dials 
and multiplied by the proper figure to show the percentages per 
year of dials afiected in the above twelve ways* 


3 Sheet 8 Sheet 1 
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Office 


Machine Switching 

SUMMARY OP TROUBLES GLEAMED 



SELECTOR AND LINE S7ITCH PRAMS APPARATUS 

EXCEPT RELAYS AND MESSAGE R AGISTERS Day 

Week 


City 


Month Ending 


Contact Troubles 

Switchmen 

Cleaned 


Cleared By 
Apparatus Men 
Adjusted Repaired 
Changed 


Sequence Switch Springs and Cams 
Rotary Switch Terminals and Wipers 
Rotary Switch Contact Springs 
Commutator and Brushes 
Multiple Brushes and Terminals 
Interrupter Springs. 


Totals 

Mechanical Troubles 

Cleared by Apparatus Men 
Cleaned Adjusted Repaired 

Changed 

"A" Roller and Spring 
Drive Plates 
Sequence Switch Bearings 
Down Drive and Pawl 
Up Drive 

Rack and Coupling 

Trip Lever 

Trip Rod 

Trip Finger 

Brush Rod 

Interrupter 

Rotary Switch 

Rotary Switch- Power Driven 


Totals 


Winding Troubles 

Open 


Cleared by Apparatus Men 
Grounded or Crossed 


S.S. *R* Magnet 
Trip Magnet 
Power Drive Magnet 
Rot. Sw. 

No. of Selectors and finders installed 
* n rotary switches step by step installed 
” n " 4 power driven " 

w " sequence switches 
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Office 


Machine Swi t ching 

SUMMARY OF TROUBLES CLEARED 

Og 

RELAYS ASP MESSAGE REGISTERS 

City 


Day- 

Week 

Month Ending 


Type of Relay 


Cleared By 

Switchmen Relay 

C 1 ean ed Ad j us t ed 


Men 

Repaired Changed No .Installed 


A 

B 

E 

87 

114 

124 

149 

162 

178 

203 

207 

208 


Totals 


Message Registers Cleaned Adjusted Repaired 


Changed No. Ins. 


5C 

m 

5R 


Totals 


Remarks: 
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Machine Switching 

SUMMARY OB TROUBLE CLBARBD 

OTHBK CENTRAL OPrlCU RfrUIPMBNT 

Day 

Week 

City Month Ending 

Cleared by Switchmen. 

Cleaned Adjusted Repaired Changed 


Recording Key 

Master Key 

Cord or Trunk Key 

Misc. Traffic Key 

Frame Keys 

Jack 

Lamp 

Lamp pocket 
Clock 

Bell or Buzzer 

Fuse-Non Arcing 

Fuse- Indicat ing 

Switchboard Cords and Plugs 

Operators 1 Cords and Plugs 

Mi sc. Cords and Plugs 

Open Wiring 

Crossed Wiring 

Resistance Ceils 

Misc. Coils 

Receiver 

Transmitter 

Condensers 

Miscellaneous 


Totals 
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ffice 


Machine Switching 

SUMMARY OP TRQ1TB7. 1 REPORTS. SIGNALS AND ALARMS 


City 


Day 

Week 


Month tyidi 


Group A Reports to Repair Clerk 


Class 


12 3 


In Service 

4 5 Total Avg. No .Lines Avg.No. Stas. 


Max 

No. 

No. 


1 

2 


I 

4 


« 


5 

6 

7 


1- 

2 . 

£• 


1 

£ 


Group B R epp rts to Trouble Desk 

^ S A «* Board 


"B" Board 


No. of positions in service 
of calls handled 
of positions out of service 
due to:- 


No.of No. of Calls No. of No. of Calls 
Reports per Pos. out Reports per Pos. 
of service Out of 


Mach 

R 


Sw. jJmer.equipt .does not relieve 
" " " relieves 

* * quickly restored by traffic 

Not" " includes also 

trunk groups Out of service 
Totals 


% of 
Calls 
Affected 


Troubles on uncompleted selections 
" " completed " 

Totals 

Other troubles 

Grand Total Reports 


service 


% of 

Calls 

Affected 


Group C Sender Lamp Signals at Trouble Desk 
No. of Orig. full mech. calls. 

No. of permanent signals (incl. cable failures) 

No. ,of calls dialing incomplete 

No. of stuck senders orig. full mech. calls primed 

traced 
t ot al 


% of originating calls encountering stuck senders 
No. of coin calls, sender reports sub. fails to deposit 
m * * n m fails to collect or refund. 



* 3 

I 


Group D Alarms 

No. Blown fuses (except power plant) 

No .Time alarms district 

No. M finals 

No. Line switch alarms 

No. Motor stop alarms 

No. Power plant irregularities. 
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Machine Switching 

SUMMARY OF TRQTTBT.^S CI.^AHKD OH DIALS 

Day 

Week 

Office City Month Ending 

Average Humber of Dlds in Service . 

3TS? 

Trouble 

Humber of per Working 

1 Dial replaced due to Cases dial per year 

a Main spring broken 
b Dial sticks 
c Parte bent or broken 
d Contact sorings out of adjustment 

Total 




2 Dial repaired at station due to 

a Dial loose on mounting 
b Instruction cord holder 
c Finger Wheel bent 
d Finger stop 
e Dial cord 
f Humber plate 
g Dial fast 
h Dial slow 


Total 

Grand Total 


/ 
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DIVISION B 

FULL ^CHAZiICAL OFFICES 
Section XVIII Power Drive Equiraent 

The newer drive equipment consists of the unit drive 
motors, the friction roll drives, and the sequence switch or 
"vertical 11 shaft drives and the bracket bearings* 

The friction roll drive is described in Div. A Sec. II. 

The method of replacing parts of the power drive equip- 
ment is given in the section on "Apparatus Replacements," Div. B # 

Sec . XII . 

See Div. B Sec. XV for lubrication. 


Unit Drive Motors 

Tyne of motors; 

The motors used at the Douglas & Tyler offices for 
driving the selector frames are three-phase, three-wire, squirrel 
cage, induction motors, and operate normally from the 220 volt 60 
cycle A.C. service. 

Connections; 

M’ach motor is provided with a projecting boss, in which 
is mounted a r > lug terminating the motor leads. The receptacle cor- 
responding to this plug is connected to the A.C. service by a flexible 
cable extending to a switch box associated with each motor. The 
receptacle and the motor projection are each marked with a wnite line. 
When connecting the receptacle to the motor the receptacle should be 
turned until its wnite line corresponds witn tnat on the motor; this 
will insure that the plug projections will correspond to the openings 
in the receptacle. 
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Rotation: 

All of the motors are wound for the same direction of 
rotation; and the office wiring is arranged so that the motors 
will rotate clockwise, facing the end opposite the coupling. 

Mounting; 

The "bases of the motors are beveled to fit the motor 
brackets on which they are to be mounted. Each of these brackets 
is provided with a clamp which can be tightened or loosened by a 
handle. When a motor is to be mounted on the bracket the clamp 
should be loosened and the motor pushed in until the motor coupling- 
pin ends J ust touch the leather disc of the coupling. Following this 
the motor should be pushed into the bracket until the ends of the feet 
strike the stop on the bracket. ^ben the motor is in place the 
clamp should be tightened and the service leads connected. 

Control: 

On the outside of the switch box is a triple-pole snap 
switch, the handle of which indicates whether the cower is "OB" or 
"OFF". Inside the box is a triple-pole fuse cutout with fuses for 
the three leads to the motor. The snap switch should always be 
turned to the "OFF" position before removing the receptacle from a 
motor and before removing and replacing fuses. 

The Sequence Switch Drive Shaft. 

Adjusting Requirements. 

1. The shaft shall be entirely free from any binding in the bearings. 

2. All bracket bearings shall be rigidly fastened to the frame. 
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Adiusting neauireiagnta.*.. 

1, The drive and clutches shall be so placed in the frone that when 
the rack is assembled Into position, its alignment with the brush rod 
will be such as to prevent any abnormal side thrust* bind or twist in 
the brush rod* 

2. The rolls and gearing shall be free from binding in any position 
of the rolls or getoring about their axes* 

3* Cork surfaces must be smooth and care shall be taken to prevent 
oil ox grease touching cork rolls. Where any oil has touched the 
cork surface it shall be cleaned so that there will be no tendency 
for the rack to slip when the clutch is energized* 

4. Bearings* gear boxes and oil tubee must be free from dirt* grit 
or metal chips* 

5. The motor must be entirely free from any binding in the bearings 
due to poor alignment with worm gear* 

6* The coupling head on motor shall be flush with the end of the 
motor spindle to insure interchangeability of motors* 

7* The coupling head on the worm spindle shall not be less than 
l/8* from worm casing. The distance between the two flanges of the 
coupling shall be within 1/32* of l/ 4 * when the motor is against the 
stop on the bracket. 

8. Care shall be taken to have all the Joints in the oiling system 
as tight as practicable. 
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Inspection. 


Routine Inspection 




General Three times per week 

Couplings Monthly 

Gear Boxes Semi-annually 

Drive MotorB ■ • 

General. 

A general inspection should he made three times a week 
of the power drive equipment to determine if there is any oil leakage 
and that there is sufficient lubricant as shown by the sight gauges. 
The inspection should cover not only the parts of the power drive 
equipment but also the adjacent iron work, cabling or wiring, floor, 
etc., special care being taken to see that oil or grease is not 
transmitted to the selector racks, or cork rolls. 

If grease or oil is found on the racks, cork rolls, gear 
cases, etc., it should be removed by means of a cloth moistened with 
carbon tetrachloride. Cheese cloth or a good quality of waste 
should be used and care should be exercised to avoid having the cloth 
or waste catch in the moving parts. 

At the time this general inspection is being made the 
man making it should listen for evidence of tight bearings and should 
feel of the drive motors to determine if they are overheated. 
Coupling Inspection. 

A monthly inspection should be made of the couplings to 
make sure that the set screws are tight. They should be tried 
individually with a suitable wrench. 
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Gear Boa: inspection. 


At the time the lubricant is changed in the gear boxes 


the gears and other parts should be inspected for worn, loose or 
broken parts and the necessary changes should be made at once. It 
will probably be necessary in most cases to do this work at night. 
Drive Motor Inspection. 

At the time the motor bearings are repacked with grease, 
the motor should be given a general inspection and cleaning. 


« 
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DIVISION C. 

RELAY CALL INDICATOR OPFICBS 


PqPY jT TO BE SEN 


Section I - Switchboard Equipme n t and Method of Operation. 

A general de8cription of the relay call indicator equipment 
and method of operation has already been given. 

The following ie the initial installation of Call Indicator 
positions and trunks. 

Pos. Tks. 


South 

2 

80 

Webster 

3 

120 

w 

Harley 

4 

160 

Walnut 

3 

120 

Colfax 

2 

80 


DESCRIPTION OF EQUIPMENT. 

Relay Call Indicator Positions 
In order to handle local calls from mechanical to manual 
offices two or more call indicator positions will he installed in 
the "B" hoards of each common battery, manually operated central 
office in Omaha. 

The equipment of a call indicator position consists of a 
number of incoming trunks from the district or office frames of a 
mechanical office, terminating in single-ended cords. 
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Each position also has a device known as a call indicator 
on which the number desired will be displayed. 

The call indicator provides for each of the thousands, 
hundreds, tens and units digits a group of ten lamps numbered 0 to 
9. For the ten thousands, two lamps are provided numbered 0 and 1. 
Since on every call five lamps should be lighted, burned out lamps 
are quickly discovered. 

Each trunk is provided with 

a - Guard lamp 
b - Disconnect lamp 

c - One or two non-locking display keys 
In order to provide for team work between operators at 
adjacent call indicator positions, a number of trunks on each 
position within reach of the adjacent operators are provided with 
two display keys. ’.Then team work is not feasible or desirable, 
the trunk is provided with only one display key. If the trunk 
is provided with two display keys, the operation of the front key 
causes the called number to be displayed at the position on which 
the trunk terminates. The operation of the back display key causes 
the called number to be displayed at the adjacent position which 
is associated with the key. 

Each position is provided with a three-way locking 
grouping key wired as follows: 

a - To normally connect tne busy test strapping 
of the incoming trunks, terminating on a position 
to the operator’s telephone circuit of that position. 
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Each position also has a device known as a call indicator 
on which the number desired will be displayed. 

The call indicator provides for each of the thousands, 
hundreds, tens and units digits a group of ten lamps numbered 0 to 
9. For the ten thousands, two lamps are provided numbered 0 and 1. 
Since on every call five lamps should be lighted, burned out lamps 
are quickly discovered. 

Each trunk is provided with 

a - Guard lamp 
b - Disconnect lamp 

c - One or two non-locking display keys 
In order to provide for team work between operators at 
adjacent call indicator positions, a number of trunks on each 
position within reach of the adjacent operators are provided with 
two display keys. When team work is not feasible or desirable, 
the trunk is provided with only one display key. If the trunk 
is provided with two display keys, the operation of the front key 
causes the called number to be displayed at the position on which 
the trunk terminates. The operation of the back display key causes 
the called number to be displayed at the adjacent position which 
is associated with the key* 

Each position is provided with a three-way locking 
grouping key wired as follows: 

a - To normally connect tne busy test strapping 
of the incoming trunks, terminating on a position 
to the operator’s telephone circuit of that position. 
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b - To transfer the busy test strapping of incoming 
trunks to the operator’s telephone circuit of 
the position to the right when thrown in one direction. 

c - To transfer the busy test strapping of the in- 
coming trunks to the operator’s telephone circuit 
of the position to the left when thrown in the 
other direction. 

The grouping key is arranged in accordance with the 
method followed in connection with the manual positions in each 
office. The grouping circuit is arranged so that the call 

circuit or circuits terminating on a position either to the right 
or left of a call indicator position nay be transferred to the 
telephone circuit on the latter position. 

All incoming trunks have an associated night bell wired 
to them and controlled by a locking key. Then the key is 
operated, the bell will ring when a guard lamp on a trunk burns 
steadily. 

The arrangement of the apparatus on each trunk at the 
position is as follows: 

X Number plate 
0 Plug 

Designation strip - Trunk number 

Designation strip - Office name 

0 Disconnect lamp 
0 Guard lamp 

X Neighboring position (back) display key 
(if installed) 

X Home position (front) display key 
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Designation strip trunk number. 

The following is an outline showing the operation of the 
guard and disconnect signals under different circuit conditions: 


Disconnect 

Lamp 


Guard 
Lamp 

1. Trunk selected by the switching 
apparatus. Display key not depressed, 

and trunk not up in the multiple. Lighted Out 

2. Trunk selected by apparatus. 

Display key in home position depressed. 

Trunk not up in the multiple, Flashes Out 

3. Same as condition 2, except neighbor- 
ing poBiti on display key is depressed, Flickers Out 

4. Trunk selected by sv/i telling apparatus. 

Display key has been depressed and trunk 

plugged into a multiple. Out Out 

5. Another display key has been depressed 

before trunk plugged into multiple. Steady Out 

6. Calling subscriber (or special operator) 
disconnects, causing the switching apparatus 

to disconnect. Out Lighted 

7. Call indicator trunk removed from 

multiple in error. Lighted Out 

8. Trunk which is plugged up in the 


multiple due to not being disconnected 
from a previous call is selected by the 
switching apparatus on a new call. 


Lighted 


Lighted 
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Emergency Call Indicator 

In event of a failure of the indicator lamps and relays 
common to the position to function properly, provision is made 
to disconnect the indicator equipment normally associated with a 
position and to substitute an emergency set of apparatus. 

The apparatus associated with the emergency indicator 
equipment consists essentially of the following: 

&~* A set of indicator lamps mounted in a box arranged so 
that it can be secured to the key shelf in such a 
manner that the top of the box approximately lines 
up with the top of the key shelf. The box is pro- 
vided with a multiple contact plug to associate 
the emergency lamps with the emergency common relay 
equipment. 

b. A multiple contact jack mounted in the keyshelf rail 

and at the right-hand end of the position, wired 
to the emergency common relay equipment. iSfaen the 
emergency lamp box is in position, the plug mounted 
on the box will engage the springs of this jack. 

The jack is covered by a readily removable apparatus 
blank when the emergency equipment is not in use. 

c. A locking key, designated "S" by means of a 12-B number 

plate, mounted on the face of the board above the 
multiple to transfer the common leads from the regular 
indicator equipment to the emergency apparatus. 
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Call Indicator "Make Busy"* 

In offices having more than one call indicator position 
for handling the traffic originating e.t one particular mechanical 
office, provision is made so that all but one of these positions 
can be made busy so as not to be selected for incoming calls. 

The equipment necessary is individual to each of the positions to 
be switched so that in case, for example, there are four call 
indicator positions being used as s group from one originating office* 
and it is intended that the fourth position shall always be used 
during the entire twenty-four hours of the day, the switching equip- 
ment will be so arranged that any one or all of the first, second 
and third positions can be made busy as desired. 

Ordinarily it will not be desirable to make a position 
busy except when it should be vacated due to traffic conditions. 
Occasionally, however, it will be found advantageous to use this 
"make busy" feature when a position becomes out of order. 

The apparatus necessary to accomplish thiB purpose consists 
essentially of the following: 

(1) A sequence switch located at the originating mechanical 
office for each call indicator position to be made busy. 

( 2 ) A locking key at each call indicator position to 

be made busy, engraved U.B. and mounted in the face of the 
switchboard above the multiple. 

(3) A pair of conductors from each call indicator position 
to be made busy, to the sequence switch in the originating 
office. 
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HSTHOD OF OPERATION 
Call Indicat o r Positions 
Establishing Connections 

Vvhen a mechanical subscriber dials a manual station, 
the switching apparatus will select a trunk to the called office, 
and the guard signal associated with this trunk will be lighted on 
a call indicator position. The call indicator operator upon noting 
the lighted guard lamp will operate the associated display key, 
which will be the front display key, if two are provided. This 
will cause the called number to display on the call indicator and 
will change the lighted guard signal to a flashing signal. This 
signal will continue to flash and the called number will remain 
displayed until the trunk is connected to a working .Jack or another 
display key is depressed. 

The operator on receiving a display will attempt to 
establish a connection to the number shown. If the number shown 
is available, she will plug into it with the trunk associated with 
the call. If the called number is busy, she will connect the 
trunk with a busy back Jack. This will give an audible busy 

signal to the calling party. If the called line is out of order, 

she will connect the trunk to a trouble position trunk. The 

trouble operator on receiving a signal will come in on the connection, 
and obtain the called number from the calling party and advise him 
of the condition of the called line, following her regular manual 
practice. If the called line is affected by multiple marking, 
the operator will connect the trunk to a trunk leading to the 
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multiple marking operator* The multiple marking operator will 

obtain the called number and advise as to the status of this 
number, in accordance with regular manual practice* 

The multiple marking operator will not complete any calls 
from mechanical stations through her position* If the call is 
to be completed to a new number due to a number change or transfer 
of calls, 3 h 8 will advise the calling party the correct number 
to dial* 

As this differs from the practice in effect on calls 
from manual ctationo, special groups of trunks will be furnished 
to the multiple marking positions for the use of call indicator 
operators. 

In case two positions are arranged for team work between 
them, if a guard signal is lighted and the neighboring operator 
desires to take the call, she v/ill press the back display key* 

This will cause die guard signal to flicker and the called number 
to be displayed on the indicator of the neighboring position* 

This neighboring operator will then attempt to establish the call* 
proceeding a3 outlined above. Under a condition of this kind, 
the busy test will be switched to the circuit of the neighboring 
operator* 

Disconnect 

The call indicator operator upon noting a lighted discon- 
nect signal will remove the trunk plug from the multiple jack 
to which it is connected. 
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If the trunk is selected on c new call previous to its 
being disconnected from the multiple on an earlier call, both the 
display and disconnect signals will be lighted. The operator 
will disconnect on such a combination of signals, in which case 
the guard signal will continue to be lighted and the operator 
will proceed as on a new call. 

Emergency Call Indicator 

If it is impossible to operate the position due to the 
failure of the indicator lamps to function properly, the operator 
should refer the condition to her supervisor. The supervisor 
should remove the apparatus blank covering the multiple contact 
jack, adjust the emergency lamps to the position and operate 
the key designated "E". 

The operator will then proceed in the normal manner. 

The numbers will be displayed on the emergency call indicator. 

The supervisor should then refer the trouble to the 

Wire Chief. 

Upon advice from the ^ire Chief that the regular equip- 
ment may be used, the supervisor should restore the *?»" key, 
during an interval when no display key is depressed. This will 
cause the next display to appear on the regular indicator equip- 
ment. 

If the regular equipment appears to function properly, 
the supervisor should remove the emergency apparatus. 
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Call Indicator*iV>ake 3uay*. 

When a supervisor desires to put a position out of 
service, she will operate the M.B. key at that position. Ihe 
operation of this key will operate the sequence switch at the 
originating office and will cause all of the trunks terminating 
in the position to test busy. 

When it is desired to place this position back into 
service, the supervisor will do so by presto ring the M .B • 
key. 

In case a supervisor finds it necessary to make a 
position test busy, because of trouble on the position, she will 
immediately notify the Wire Chief. When the position is again 
available, the Wire Chief will notify the supervisor who will 
arrange to remove the busy condition. 

Call Indicator Posi tion s O perated on the Manual Basis. 

Call indicator equipment must be installed in each manual 
office prior to the cutover of the Douglas and lyier offices to 
mechanical, in order to be available when this cutover takes place. 
In some offices it will be necessary to use these positions on 
the manual basis until such time as they are to be used as call 
indicator positions. In addition to this, in some offices there 
will be call indicator positions which are not fully loaded by 
calls from mechanical offices, and it will be desirable, therefore, 
to handle some manual traffic on these positions. 
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In order to meet the tiro conditions mentioned above, 
the trunk units are arranged so that all or part of them on any 
call indicator position can be operated as regular manual trunks on 
the keyless basis# (All party lines in Omaha will be operated 
jack per station). The operator handling a position being 
used either entirely or partially manual, will handle the trunks 
from the manual office in accordance with standard manual *B r 
operators’ instructions with the exceptions caused by the fact 
that in place of a single guard signal per trunk, each trunk will 
have both a guard and disconnect signal# Ihese signals will 


operate as follows: 

Guard 

Disconnect 


Lamp 

Lamp 

1. *A* cord plugged in a trunk. 

Trunk not plugged into a jack at 

"B" board. 

Lighted 

Out 

2. "A" cord plugged in a trunk. 

Trunk connected with jack at "B" 

board. 

Out 

Out 

3. No cord connected with trunk 

at "A* board, trunk plugged into 

jack at "B" board. 

Out 

Lighted 


<Z t'T: 
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DIVISION C. 

RKLAT CALL IITDI CATCH OFFICES. 

Section II - Circu it funda ment als 
Opernti on of lei ay Ca l l Indicator 
Equipment in a ! r a nual Office. 

In sending a call from a fui 1 -mechanical office to a 
manual office, there mu3t be some means thereby the operator in the 
manual office will know what number is being called. The means used 
are composed of what is known as a call indicator impulsor sequence 
switch in the sender equipment of the full mechanical office, and 
relay call indicator equipment consisting of relays and lamps in 
the manual office. 

The impulsor sequence switch is a mechanical device used 
to send pulses over the trunk to the manual office, and these pulses 
are received in the manual office call indicator equipment to light 
lamps um or the digits corresponding to the number, thus causing 
the number called to be displayed before a B operator. 

A call indicator pulse cycle consists of 4 periods and each 
period may be as follows 

Light positive Battery on tip through high resistance 

Heavy negative w * ring " low w 

Light negative " n * " high " 

Open circuit 

A cycle of four periods is sent out for each digit in the form of a 
code. The first and third periods of the cycle consist of either 
an open circuit or a positive pulse, and the second and fourth of a 
light or a heavy negative pulse. The following table shows under 
Pulses the code used for the different digits: 
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Pislta 


Pulses 
2 3 4 


Pulse 

Relays Operated 


0 

- 


SIT 

SH 

1 

+ 

3H-1 

SH 

SH 

2 

(heavy) 


MG 





%T 

SN 

3 

+ 

SH-1 

MG 

SH 


( heavy) 


& 




SH 


4 

- + 


SH 

SH-1 SH 

5 



SH 

MG 


(heavy) 



& 





SH 

6 

♦ - - 

SH-1 

SH 

MG 


(heavy) 



& 




SH 

7 



MG 

MG 


(heavy) (heavy) 


& 

& 




SH 

SH 

8 

♦ 

SH-1 

MG 

MG 


(heavy) (heavy) 


& 

& 



SH 

SH 

9 

- + - 

SH SH-1 

MG 


(heavy) 



& 





SH 


Hote: Blank spaces mean open. 

When the B operator depresses the display key associated 
with the trunk selected, it causes the impulser sequence switch to 
revolve and send out the pulses. 

Drawing Ho. 706-236 (Sketch Ho. i) shows schematically 
the method of sending the pulses and operating the relays at the call 
indicator position in the manual office. 


The MG, SH and SH-1 relay in the manual office receive the 
pulses from the sender. The MG relay is marginal and, therefore, 
operates only on heavy negative pulses which according to the code nay 



Hi&h Re* 

< 
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he the second and fourth pulses. The SN relay is polarized and is 
connected so as to operate on negative pulses whether heavy or light 
and therefore always operates during the second and fourth pulses* 
SN-1 is also polarized and operates only 'n positive pulses and may 
therefore operate during the first and third pulses. The preceding 
table shows how these pulse relays are operated for each digit. 

The SN rel*y operates the W and Z relays which go 
through a complete cycle of operations for every four pulses i.e. 
for each digit. The W and Z relays control the switching relaye 
ST, ST-1 and TH t TH-1 etc. which switch the leads from the pulse 
relays first to the station lamp relay, then to the thousands 
lamp relays, then to the hundreds lamp relays, etc. The lamp 
relays (not shown) when operated in combinations, put current 
through the proper lamps to display the digits desired. 

Five digits must be sent for each number called, 
namely; stations, thousands, etc. to units. The stations digit 
is used to take care of party letters and numbers over 9999. In 
Omaha it is not necessary to display any party letters, but the so 
called station pulses are used to display either 0 or 1 in the 
station place. At present there are no numbers above 9999 so #0 
is always displayed, but the circuit is arranged so that the #1 
may be displayed if numbers over 9999 are later desired. 

The sender at the mechanical office is shown in 
simplified schematic form and is assumed to operate as follows. 

The cams move through positions 1 to 4 for each digit, making 
the necessary connections to send the proper pulses. 
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The code for #0 digit consists of: open, light negative, 
open, light negative. These oulses have the following results* 

The first pulse being an open, nothing happens. 

The circuit for the ffo. 2 pulse is from ground at F cam, 
over the tip side, through MG, SN and SN-1 relays, back over the 
ring side, through J cam and high resistance to battery. 3H relay 
operates closing a circuit from ground at it 3 contact through the 
250-ohm winding of W relay and the 165-ohm winding of Z relay to 
battery, operating and locking ' v relay. Z relay is marginal and 
does not operate when its 165-o>im winding is energized. The release 
of SN allows the Z relay to operate in series with V and both relays 
lock. VThen V/ relay operated, a circuit was closed from ground at 
its contact to operate the stations counting relay ( ST) . The third 
pulse being an open, nothing happens. *?hen the next pulse is sent, 
which is the fourth oulse of the stations series, the SH relay 
again operates. The battery of the Z relay now finding a direct 
path to ground short circuits the \? relay which releases, and the 
following opening of the circuit by the release of S3J releases the 
Z relay. Upon the release of Z relay, the shunt which was holding 
St-1 relay inoperative is removed and the ST-1 now operates in 
series with ST relay to cut the leads through to the thousands 
counting relays (TH) and to the lamp relays. ST and ST-1 relays 
remain locked up. 

The sending of the thousands pulses will be described, and 
the same principle applies to the hundreds, tens and units pulses. 

After the 3T and 3T-1 relays have been operated by the 
station pulses, the circuit is now ready to receive the thousand 
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pulses. Whenever the first pulse is positive the SIT-1 relay operates 
closing a circuit from ground at its contact, contact of W relay 
(not operated) , contact of ST relay (operated), contact TH relay 
(not operated) to operate the A relay of the thousands lantns. V7hen 
the second nulse is a light negative pulse, SIT relay operates closing 
a circuit from ground at its contact, contact Z relay, 250 ohm 
winding of W relay, 165 ohm winding of Z relay to battery, operating 
and lacking W relay. Z relay is marginal and does not operate 
when its 165 ohm winding is energized. The release of SET allows 
% relay to operate in series with W and both relays lock. Tfrien 
the second pulse is ? heavy negative pulse, MG and SH would both 
operate. MG relay closes a circuit from ground at its contact, 
contact of Z relay (not operated), contact of ST-1 relay (operated), 
contact TH-1 relay (not operated), to operate the B relay of the 
thousands lamp relays. YThen W relay operated upon the operation of 
SK relay, a circuit is closed from ground at contact of W relay, 
contact of ST-1 relay (operated), contact TH-1 relay (not operated) 
winding of TK relay to battery operating TH relay. TH relay locks 
to ground when Z relay operates and shunts down TH-1 relay. 


If the third pulse is an open nothing happens but if it 


is a positive pulse SN-1 relay operates, closing a circuit from 
grourid at its contact, contact of W relay (operated), contact of 
ST relay (operated), contact of TH relay (operated) to operate the 
C relay of the thousands lamp relays. If the fourth pulse la a 
heavy negative pulse MG and SH relay again operate. The operation 
of MG closes a circuit from ground at is contact, contact of Z 
relay (operated) contact ST-1 relay (operated) contact TH-1 relay 
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(not operated) to operate D relay of the lamp relays. The operation 
of SIT closes a circuit from ground at its contact, contact and 
165 ohm winding of Z relay to battery. W relay is short circuited 
by this path and releases. Upon the release of Sh relay, the 2 
relay releases, opening the shunt around TH-1 relay and TH-1 relay 
now pull® up in series with TH relay and both lock. The circuit 
for the hundreds pulses are now cut through the hundreds switching 
relays H and H-l (not shown). If a light negative pulse is sent, 

SH only will be operated, and no lamp relay is energized. 

when the proper combination of the A, B, C and D lamp 
relays has been locked up according to the code, they close a 
path to light the proper lamp. 


* 



Bulletin No. 17 . 


Div. C. 

Sec. III-Ckt. W. of 0. 

12 / 1 / 20 . 

Cmaha. 


DIVISION C 

RSLAY CALL INDICATOR OFFICES 


Section Ill-Relay Call In d icator Circuits, Method of Operation. 
TRUNK CIRCUIT SINGLE PARTY ft’ITH TEAM WORK ES 207786 ISSUE #6. 

In this explanation we will first assume that when the 
trunk is selected at the mechanical office the plug at the end 
is not up in the board. 

The circuit issues in this explanation may not be the 
latest ones. 

Trunk Selected with Plug Down 

The mechanical office places across the tip and ring of 
the trunk a relay M TG H in series with "CEL* relay; causing relay 
A of the trunk to operate, the circuit being as follows: 

Battery, winding A relay, back contact S~1 relay, repeat 
coil, back contact "IA M relay, back contact I relay, to the tip side 
of the trunk, thence through the closed circuit at the mechanical 
office (relays "TG W and M GFl." in series) to the ring side of trunk, 
back contacts of relay *I tt , back contact relay I A, back contact of 
"S-l” relay and winding of "A" relay to ground. 

Relay A operated, closes the circuit of relay H AL W which 
operates, lights the guard lamp and locks up to battery on its front 
contact. 

The operator now depresses the display key, causing relay 
n HO M of the control circuit (shown on GS-195622) to operate in 
series with relay "K* of the trunk, the circuit being as follows: 

Battery, winding of relay back contacts of relay 

W SL W , 18. 3-ohms winding "K M relay, contacts of display key, front 
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contacts AL relay, hack contact "IC" relay, back contact "PC* relay, 
ground. The display key is non-locking but it is not necessary to 
hold it depressed, as relays "HC" and "K" will remain locked up 
to ground through front contacts of relay after the key is 
released. These relays are not released until either the plug is 
inserted in a working jack or the display key of another trunk is 
depressed after the number is displayed on the indicator. 

Relay "K" operates relay "KI" which in turn operates relay 
"LM". Relay "LM" locks up and operates relay "RC", Relay * AL* 
releases as the circuit is opened at the "RC* relay. The steady 
guard signal is changed to a flashing signal by the lamp circuit 
being switched to the busy back interrupter when the "AL" relay re- 
leased. The operation of the "K" relay also caused the "I* relay 
to operate by the following circuit: 

Battery from the front contact "LM" relay, winding "I* relay , front 
contact "K" relay, winding "IC" relay, back contact "PC" relay to 
ground. 

Relays "IC" and "PC" are in the control circuit and their 
functions will be explained under method of operation for that 
ci rcuit. 

Relay "I" opens the tip and ring of the trunk from the 
relays of the trunk circuit and connects across the trunk the 
marginal and polarized pulse relays of the control circuit. This 
releases relay H A" at the manual office and relay "TG" at the 
mechanical office. The releasing of relay "TG" causes a sequence 
switch at the mechanical office to make one revolution, and, in doing 
so, the switch sends out over the trunk the proper combination of 
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pulses to display the called number on the indicator. As soon as 
the indicator lamps are lighted relay M I" releases, cutting off the 
trunk circuit from the control circuit and closing it through to the 
repeating coil. 

NOTE: Relay ** I" is released by the operation of relay "PC" 

of the control circuit. This will be explained more 
fully under method of operation for the control 
circuit. 

If the called line is not busy the operator inserts the 
plug of the trunk in the subscriber’s multiple jack. This causes 
relay "SL** to operate by the closure of a circuit from 24~volt 
battery through the disconnect lamp, winding of "SL" relay and wind- 
ing of subscriber’s cutoff relay to ground. Relay **SL** opens the 
busy test circuit and opens the locking circuit of relay **K" which 
releases, opening the circuit to relays M I" and "KI**. Relay "KI M 
in releasing opens the interrupter circuit to the guard lamp. 

Immediately after the pulse switch at the tandem office 
has finished its revolution, a polarized relay is connected across 
the trunk at the mechanical office. This causes relay M A M to operate 
and close ground to the circuit which is holding up the and n RC M 

relays. This ground is connected between the two relays so as to 
shunt the M LM M relay down and hold up the H RC W relay through its 
front contact. 

The releasing of the ’’LK.” relay causes the ”R-3 M relay to 
operate and the disconnect lamp to be shunted out. The circuit is: 
battery, winding M R-3’* relay, back contacts relays "R-2" and^R-l”, 
front contact "RC W relay, back contact "LM* relay, winding °SL W relay 
to ground at the subscriber’s C. 0. relay. The "R-3" relay is in 
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parallel with the disconnect lamp and in series with relay "SL B and its 
winding (4G-ohms) acts as a shunt around the disconnect lamp. In 
operating, relay tt R-3 M , cuts off the repeating coil from the cord 
circuit and applies the ringing current to the subscriber’s line 
and through the condensers to the repeating coil. This is to enable 
the calling party to receive the ringing induction. 

When the subscriber removes the receiver from the hook 
the "R-l" relay operates to open the shunt circuit around the R^2 
relay. The W R-2 M relay operates and locks up to battery on its 
front contact which shunts the "R-3 H relay, causing the *’R-3 H relay 
to release, remove the ringing current from the line and connecting 
the repeat coil through the "S" relay to the line. 

The operation of "S” relay and H R-2 M relay causes the 
"S-l” relay to operate and reverse the battery and ground to the 
mechanical office. This causes the polarized relay in the district 
selector at the mechanical office to operate and cause the calling 
subscriber to be charged for the call either by having a line 
message register operate or by collecting the coin in a coin set. 
Iftsconncction 

When the calling subscriber replaces the receiver on the 
hook the selector at the mechanical office returns to normal condi- 
tion and opens the circuit which has been holding the trunk "A” relay 
operated. The trunk M A M relay releases and opens the holding circuit 
for the **RC W relay. The "RC H relay in releasing opens the holding 
circuit of the M R-2 H relay which has been shunting the disconnect 
lamp. The disconnect lamp lights in series with the relay SL to 
ground through the "CO 1 * relay, subscriber’s line. The trunk operator. 


Div. C. 

Bulletin No. 17. -5- Sec. III-Ckt. M of 0. 

12/1/20 

Omaha. 

hy removing the plug from the subscriber ’ s multiple jack, causes 
relay "Si*" to release, and the trunk circuit is restored to normal. 

Re ring 

The calling mechanical subscriber will be unable to rering 
the called manual subscriber. The proper procedure in case the called 
subscriber replaces the receiver on the hook and the calling subscriber 
desires to ring him back, will be for the calling subscriber to dis- 
connect and originate a second call for the desired subscriber. 

Team Display Key 

In order to cause the call to be displayed on an adjacent 
position, the team work or back display key is used. This causes 
relay "KA" to operate and lock up in series with relay "HO* of the 
control circuit at the adjacent position. Relays "IA” and M KB M in 
parallel then operate in eeries with relay W IC W of the control cir- 
cuit at the adjacent position. Relay " , K1" operated from the front 
contacts of relay "XA M and caused relay "LM" to operate. Relay 
M K1 H closes the guard lamp through to a peremptory interrupter relay 
circuit which causes the lamp to flash faster than when the home 
display key is used. Relay H KB tt also transfers the busy test of 
the trunk to the operator’s set at the adjacent position and relay 
H IA W connects the tip and ring of the trunk to the marginal and 
polarized relays of the central circuit at the adjacent position. 

Trunk Selected with Plug Up 

With the plug of the trunk in the subscriber’s multiple 
jack, relay "S L M is operated and if the mechanical office has dis- 
connected from the trunk the disconnect lamp is lighted. Should the 
trunk be selected before the B-operator removes the plug from the 
multiple jack, relay “A" will operate as on an original call and 
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cause M AL* relay to operate, thus lighting the guard lamp. 

Relay "R-3* will not operate until relay W RC M is operated, 
thus preventing the ringing current from being applied to the sub- 
scriber’s line until the trunk cord is taken down from the previous 
connection and the display key depressed. 

The operation of the display key while the plug is in the 
multiple jack will net result in the operation of the W K M relay as 

the circuit is opened at the M SL H relay. 

The guard and disconnect lamps being lighted, are indica- 
tions to the operator that the trunk has again been selected at the 
tandem office. 

The operator will remove the plug from the multiple which 
restores the disconnect lamp leaving the guard lamp lighted as in a 
regular call. 


CONTROL CIRCUIT - SINGLE PARTY - ES-195622 - Issue #6 
NUMERICAL LAKTPS - RS-207336 - Issue #5. 


These circuits are for uBe in displaying the called number 
to the M E“ operator in single party manual offices in connection with 
trunks from a full mechanical office. They are common to all trunks 
terminating on a position and are wired to an emergency key which, 
when operated, connects the trunks of that position to an emergency 
control circuit and numerical lamp circuit. 

Upon noting a lighted trunk guard lamp, indicating that a 
call is waiting to be displayed, the operator depresses the associated 
display key. This connects the trunk to the control circuit as follows: 

Relay W HC" of the control circuit operates in series with 
relay W K M of the trunk, the circuit being from 24 volt battery through 
winding of relay "HC" contacts of emergency key, back contacts of 
trunk relay M SL", 18.3 ohm winding of relay , contacts of display 
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key and emergency key, and hack contacts of relays H IC and "PC" 
to ground. 

When the operator releases the display key (which is non- 
locking}, relays "H0 H and "K" become locked up to ground through the 
front contacts of relay "K". Relay "HC* connects ground from the 
hack contacts of relay "HG-2" to the common ground straps; it also 
connects ground to the winding of relay "I" shown on FS-195739. 

Relay "I" is operated from the peremptory interrupter and is used 
for the purpose of flashing the guard lamp of a trunk on an adjacent 
position when an operator is making use of the team work feature 
which is explained in connection with the method of operation for 
the trunk circuit equipped for team work, shown on ES-2C7786. 

Relay "K* closer two circuits, one tc change the display 
lamp to a flashing signal and the other to operate relay H I" of the 
trunk in series with relay "IC M of the control circuit. Relay "I" 
opens the circuit to the trunk relays and connects across the trunk 
three relays of the control circuit, namely, "MG", W SU", "SN-l". 

As explained under method of operation for the trunk circuit the 
opening of the trunk circuit hy relay "I" causes the pulsing switch 
at the tandem office to make a revolution, sending out over the 
trunk the proper codes for displaying the number of the called line. 
Relays "VG" , *SH H and "SN-l" are in series and respond to the pulses 
which are received, as explained under "General description." The 
codes for the various digits and stations are shown in the tables on 
the control and lamp circuit drawings. A plus sign indicates a 
positive pulse, i.e., ground on the ring and negative battery through 
high resistances (3500 ohms) on the tip; relay "S1U1" responds to 
positive pulses. A light negative sign indicates a light negative 
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pulse, i.e., negative battery through high resistance (5500 china) 
on the ring, and ground on the tip; relay reepondc to light 

negative pulses and also to heavy negative pul sen. A henry negative 
sign indi cater a heavy negative pulse, i.e. , negative battery through 
low resistance (52.2ohms) on the ring and ground on the tip; relay 
«YG* respond* to heavy negative pulses. In short, 

Relay •RH-l" responds only to the positive pulses. 

Relay "GH* reeponds tc either the light or heavy 
negative pulses. 

Relay "KG* responds only to the heavy negative pulses. 

N0T3: Relay "IC" of the control circuit which operates in series 
with relay *1" of the trunk, opens the circuit to ground on back con- 
tacts of relay "PC* 1 , so that if the operator holds the display key 
depressed too long, relay "KC" will operate to prevent the displayed 
number from disappearing; or if she depresses another display key 
accidentally or intentionally before the number has been displayed, 
relay "KC" will operate, allowing the call to be displayed and pre- 
venting it from disappearing until either the display key has been 
released and depressed again, or until the cord has been plugged 
into a working jack. 

The pulse code for the ten thousand digit is the first 
to be sent, followed by the codes for thousands, hundreds, tens and 
unit digits in order. In this explanation we will assume that the 
called number is 1C, 345. 

For #1 ten thousands the first pulse is positive and op- 
erates relay B SN-1" which closes the circuit of lamp relay A, as 
follows : 

24-volt battery through ICO ohm winding of relay A, back 
contacts of relay "ST" , back contacts of relay M W“ and front contacts 
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of relay *SR-1" to ground. 

Belay "A" operates and locks up to the common ground strap. 
Relay "SK-l", however, releases at the end of the positive pulse. 

The pulses are sent at the rate of 14-1/2 to 15 per second. 

The next pulse i3 a light negative and operates relay H SN W , 
which closes the following circuit: 

Ground through front contacts of relay M Sf * , hack contacts 
of relay *Z n winding of relay "W w and the inactive winding of relay 
**Z W to 24-volt battery. 

Relay f1 Z* is marginal and does not operate under this condi- 
tion, but relay "W" does operate, closing a circuit which becomes 
effective for locking relay "W" and for operating relay at the 
end of the pulse. While the pulse is still on, the active winding 
(275 ohma^ of relay n Z* is short-circuited but at the cessation of 
the pulse, relay "SN M releases, removing the ground from one side of 
the winding of relay allowing it to operate in series with its 

165-ohm winding and the winding of relay *W H . With relay "W* operated, 
a circuit is closed to operate relay "ST 1 *; tnia circuit is continued 
by relay "Z n , so that as long as either relay **W M or relay *Z* is 
operated, relay w ST-l tt is short-circuited and cannot operate. 

The next pulse is a light negative 3ent in the fourth part 
of the code. It operates relay "Sif” which closes a circuit from ground 
through front contacts of relay M SE" and front contacts of relay *Z n 
to one side of the winding of relay H W*. This ground acts as a 
short-circuit on relay "W* 1 , causing it to release. Relay M Z M remains 
up until relay ’‘SR* is released at the end of the pulse. 

Row that relays "W* and n Z* are both down, relay "ST-l" 
operates, in series with relay "ST* 1 , and the control circuit is ready 
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to receive thousands pulses. 

In the code for #0 thousands two-light negative pulses 
are sent, one in the second part and the other in the fourth part of 
the code. The first pulse operates relay "SN" which operates relay 
"W" which in turn operates relay "TH". Tfthen this pulse ends relay 
M SN" releases, allowing relay *Z* to operate. The second pulse again 
operates relay "SN H which short-circuits relay "W", causing it to re- 
lease. At the end of this pulse relay "SN" releases and allows relay 
*Z n to release. Relay "TH-1" then operates. No lamp relays are 
operated for #0 digits. 

The function of relays "ST", *ST-1", *TH* , "TH-1»\ "H*, 
"H-l", etc., is to switch the leads which are used in operating the 
lamp relays from one set of lamp relays to the next. Relays "W* and 
"Z* are controlled by relay "SN" which responds to negative pulses 
of either light or heavy current. It will he noted that the code for 
any digit always contains two negative pulses. Relays "W H and *Z* 
therefore operate and release once during each code cycle and, in 
doing so, control the operation of the switching relays "ST", "ST-1", 
"TH" , w TH- 1 w , etc. Lamp relays are operated only hy positive and 
heavy negative pulses as will he seen hy referring to the code tables 
on the drawings. 

The next code to he sent is for #3 hundreds digit, the 
first pulse being positive. Relay "SN-l" responds to this pulse and 
closes a circuit to operate lamp relay W A-2 H , as follows: 

Ground through front contacts of relay "SN-l" 
hack contact of relay W W", front contacts of relays 
tt ST and M TH H , hack contacts of relay "H" and winding 
of relay W A-2 H to battery. 
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Relay w A-2" locks up to the common ground at the end of 

the pulse. 


The next pulse is a heavy negative and operates relays 
"SN" and "MG". Relay *3N" operates relay H W" and *H M in turn and 
relay "KG" closes the following circuit to operate lamp relay 
Ground through front contacts of relay W MG M , 
back contacts of relay front contacts of 
relays M ST-1 H and "TK-l", back contacts of relay 
*H- 1 " and winding of relay ,f 3 - 2 ,, to battery. 

At the end of this pulse relays "MG" and "SN" release, relay "B-2" 
locks up to the common ground and relay operates. 

The next pulse is a light negative in the fourth part of 
the code. Relay "SN" responds, causing relay "W* to release. At the 
end of the pulse relay R Z M releases and allows relay "H-l" to operate. 
The circuit is now ready for tens pulses. 

The first pulse for #4 hundreds digit is a light negative 
in the second part of the code. Relay "SK* responds to this pulse, 
operating relays "W" and in turn. At the end of this pulse relay 

H SF* releases, allowing relay *Z " to operate. 

The next pulse is positive and occurs in the third part of 
the code. Relay "SN-l" responds, closing a circuit to operate relay 
"C-3" as follows: 

Ground through front contacts of relay M SN-1” , 
front contacts of relays , M ST W , "TH W , , and 
"T* , back contacts of relay and winding of relay 
M C- 3 M to battery. 

At the end of this pulse relay "SN-1* releases and allows relay "C- 3 H 
to lock up to the common ground. 
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The last pulse for this code is a light negative. Relay 
*SN* responds and causes relay to release. At the end of the 
pulse, relay M 3N" releases, allowing relay ,, Z" to release and relay 
"T-l» to operate. 

The last code to be sent is for the 7 ?5 units digit, the 
first pulse being a light negative to which relay "SR" responds, 
causing relays "W" and "U* to operate. At the end of the pulse relay 
"SR" releases and allows relay W Z W to operate. 

The next pulse, which is the last one to be sent, is a 
heavy negative to which relays “MG 11 and h SR* respond. Relay 
closed a circuit to operete to lamp relay **D-4 W . Relay "SK* in 
operating causes relay "W* to release, fthen the pulse ceases, relays 
"WO", "SR* and "Z" release, relay *b-l* operates and lamp relay 
locks up to the common ground. 

The circuits for lighting the indicator lamps are closed 
as follows: 

Relay "R* in operating closed the circuit to light 
ten thousands lamp. 

Relay H T* closed the circuit of relay which operated 

to supply battery and ground to the thousands and hundreds lamps. Ro 
thousands lamp relays were operated, so #0 lamp will be lighted as 
follows: 


24-volt battery through front contacts of relay "IX", 
back contacts of relays *D-1‘* , W B-1 M , "A-l* and "C-l", 

#0 lamp, back contacts of relays *B-1", *A-1* and 
"C-l" and front contacts of relay 4 LL* to ground. 

The circuit for lighting #3 hundreds lamp is as follows, lamp relays 
" A- 2 " and "B-2" being operated; 
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2 4- volt battery through front contacts cf relay 
hack contacts of relay "TV 2°, front contacts of relays 
and ’•A-2 1 ' #3 lamp, and back contacts of relay 
"•TVS* to ground. 

The battery and ground for lighting the tens lsj"p is 
supplied by relays "U" and that for lighting units lamp by relay f, U-l w . 
fiA tens lamp is lighted ns follows, relay being up: 

24-volt battery through front contacts of relay *TJ", 
back contacts of relays *IV5", *1-3" anc r A *-3* front 
contacts of reloy h C-S" ffA lamp, front contact cf 
relay "C-3* and front contacts of relay •U" to ground. 

ft units lamp is lighted as follows, *r~4 M relay being up: 
24-volt battery through front contacts of relay *13-1* * 

#5 lamp, back contacts of relays n C-4 M , M A-4 rj and *B-4" 
and front contacts of relay "D-4" to ground. 

As soon ftB relay U-i operated, it closed a circuit tc 
operate rel^y •PC" which, in operating, caused relay rt i* of tne trunk 
and relay "IC* of the control circuit to release. 

The operator completes the connection by inserting the plug 
of the trunk, having a flashing guard signal, into the multiple of 
the line whose number was displayed on the indicator. 

This causes relays "SL* and "SL-1* of the trunk to operate, 
opening the circuit of relays "HO* and *X" , relay *AC* in releasing, 
removes ground from the common straps, allowing all relays of the con- 
trol and lamp circuits to release. The displayed number is thus made 
to disappear and the circuits are ready to receive a call over another 
trunk. 
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Marginal Relays 

It was found impracticable to provide a marginal relay 
■which would operate properly over all lengths of trunks. Each control 
circuit therefore will have two marginal relays, "MG" and "MG-1", 
chosen with regard to the loop resistance of the trunks terminating 
at the position, as shown in the table on the circuit drawing. For 
example: Relay "MG" per Specification D-22200 would be used in 

connection with trunks having a loop resistance of 3CG to 1700 ohms 
and would be connected to the "I" relays of such trunks through lead 
"R"; relay "MG-1" per Specification D-22202 would be used in connection 
with trunks having a loop resistance of 2100 to 2600 ohms and would 
be connected to the "I" relays of such trunks through lead "R-l". 

Function of Relay "flO-1" in Connection with Display Key 

Relay "HO-1" is provided and the circuit so arranged that 
when desirable the operator, by depressing the display key of another 
trunk, can cause a displayed number to disappear from the indicator 
and the number which is being called on this trunk to be displayed on 
the indicator. 

When a number is displayed, the circuit conditions are aB 

follows : 

Relay "HO" of the control circuit is locked up in series 
with relay "K" of the trunk. Relay "PC" is operated, and relay 
"IC" is down. The guard lamp of the trunk to which the displayed 
number belongs is flashing. 

If the display key of another trunk is depressed at a 
time when the above conditions exist, relay "K" of the trunk to which 
the displayed number belongs will be shunted by a circuit from ground 
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through front contacts of relay "PC ', winding of relay *HC~1" (.42 
ohms) hack contacts of relay "IC", contacts of the depressed display 
key and 18.3 ohm winding of relay "K" of the new trunk to a point in 
the circuit between relay "HC" and relay of the former trunk. 

This causes relay "HG-1* to operate and relay "K" of the former trunk 
to release, putting out the guard lamp. Relay "HO-1" in operating 
causes relay "HO-2" to operate and remove ground from the common 
straps, allowing all switching and lamp relays of the control circuit 
to release. Relay "HO-2" remains up until relays "U-l ff and "PC" have 
released. Relay "K" of the new trunk now operates, connecting the 
trunk to the control circuit and causing the guard lamp to flash. 

The new number is then displayed on the indicator, the circuit 
operations being the same as already described. 
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CALL INDICATOR EQUIPMENT 
TROUBLE CONDITIONS AND POSSIBLE CAUSES 


The following list of trouble conditions and possible 
causes may be useful in locating trouble on call indicator equipment: 


TROUBLE CONDITION: 

Flashing guard lamp - no ( 

number displayed. ( 


( 

NOTE: Display keys of other 
trunks on the position will 
be ineffective until the 
cord of the trunk concerned 
has been plugged into a work- 
ing multiple jack. 


Tens and units lamps fail to 
display. 


Thousands and hundreds lamps 
fail to display. 

Ten Thousands lamp fails to 
display. 


POSSIBLE CAUSE: 

Relay "I" (trunk) not operated. 

Relay "HC" (control) not operated. 

Relay "HO-2" (control) locked up 
falsely. 

Relay "SN" (control) not operating 
properly. 

Switching relays, "ST", "ST-1", 
"TH", "TH-1", etc. (control) 
fail to operate. 

Tip and ring conductors short- 
circuited. 

Tip or ring conductors grounded 
or crossed. 

Display key stuck. 

Display key lead crossed. 

Display key depressed on an idle 
( trunk with no call waiting on it. 

( Relays "U" and "U-l" fail to 
( operate. 

( "SN" relay (control) fails to 
( operate properly. 

Momentary ground R/S conductor. 

( "LL" relay fails to operate. 


"A" relay fails to operate or 
lock up. 

( M LL-1 " relay fails to operate. 
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Incomplete numbers with displayed ( 
digits correct or one or more 
of them wrong. 


Wrong numbers displayed. 


Displayed number fails to dis- 
appear when trunk cord is 
plugged into multiple. 


Displayed number fails to dis- 
appear when another display 
key iB depressed. 

False busy test 


No busy test. 
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POSSIBLE CAUSE: 

Failure of "SN* relay (control) 
to operate properly. 

Failure of "W w and *£" relays. 

Failure of switching relays 
H ST-1", "TH" , "TH-l** , etc. 

( 

( Wrong pulses from mechanical 
( office. 

Tip and ring conductors snort* 
circuited. 

( Tip or ring conductor grounded 
( or crossed. 

( "MG" or * SN- 1 " relay not operating 
( properly. 

( Failure of any lamp relay to 
( operate or lock up. 

Wrong pul9es from tandem office. 

Tip and ring conductors short- 
circuited. 

Tip or ring conductor grounded 
or crossed. 

( Contacts of "SL-l" relay fail 
( to break. 

( "HO" relay held up falsely. 

( "PC", "HC-l" or •HC-2* relay 
( fails to operate. 


Tip of cord crossed with ring 
or sleeve. 

Test strap crossed with battery. 

Busy test strap open or grounded. 

( "E-6" relay "operator’s set) 

( fails to operate. 


£ 
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DIVISION C 

RELAY CALL INDICATOR OFBICBS 
Section IV. Routine Tests and Inspection* 

Inspections of the call indicator equipment should he 
made in accordance with the inspection practice for manual "B 1 * 
posi tions. 

BE SCRIP TI OH OP ROUTINE TESTING EQ.U1PMEHT 

General 

The Trunk and Position Test Set and the Test Line and 
Battery Jack circuits were designed to he used in conjunction in 
making routine and special tests on relay call indicator trunk 
and position circuits. The test set itself, is in the form of a 
portable box which can he used either at the trunk relay rack 
for testing trunks or at the switchboard position for testing the 
control and lamp circuits* Drawing 706-223 attached, shows the 
general arrangement. The test set is so arranged that the pulses 
for operating the marginal and polarized relays of the control 
circuit may he sent by a spring driven sequence switch or by manually 
operated pulse keys. The apparatus and wiring of the test line 
and battery jack circuit are located permanently, as shown on the 
schematic drawings. 

Both circuits are provided with patching jacks in 
connection with which double ended cords are used as follows: 

In testing trunks, jacks W B", "C w , W D M and "B" of the 
test set are patched respectively to jacks W B M , H C", H D* and M E M 
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referred to toy a note on the schematic drawing of the Test Line 
and Battery jacks; jack "A" of the test set is patched to the test 
Jack of the trunk under test. 

In testing the control and lamp circuits in single and 
two party offices, jacks "A" and *B* of the test set are patched 
respectively to jacke "A" and "B* of the control circuit. In 
testing the control circuits in all offices except those mentioned 
below, jacks *C" and "D* of the test set are patched respectively 
to jacks *C" and "D* referred to toy a note on the schematic 
drawing of the Test Line and Battery Jacks. 

Equipment 

Relay *B" of Teat Line Circuit 

This relay operates when jacks * C" and *L" are patched 
to jacks "C" and *D* of the test set. It supplies 24 volt 
toattery for the relays and lamps of the test set, and either 52 
or 45 volt toattery for the pulsing circuit depending upon whether 
relay "TB* ie up or down. 

Relay* TB* of the Test Line Circuit 

This relay is operated toy the group keys which connect 
the lower resistances used in the pulsing circuit. See "GROUP 
KEYS". 

Key "TRK" 

The key designated "TRK* is of the locking type. When 
operated, it changes the circuit conditions of the test set so that 
it can toe used for testing the trunk circuits; when this key is 
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normal., the test box circuit is arranged for testing control cir- 
cuits. 

Group Keys 

A row of eight locking keys designated "Group" is pro- 
vided so that the marginal relay of a control circuit may be tested 
under two conditions: 

1, By means of pulses supplied from 52 volt battery 
throu^i a resistance corresponding to the shortest trunk loop over 
which the relay is adjusted to operate. 

2, By means of pulses supplied from 45 volt battery 
througi a resistance corresponding to the longest loop over which 
the relay is adjusted to operate, 

For example, in testing a marginal relay which is intended 
to respond to pul see through loop resistances of 0 to 800 ohms, two 
group keye designated “Group are used. The key designated "0" 
**52-7", when operated, closes the circuit through zero resistance and 
causes the pulses to be sent from 52 volt battery; the key designated 
•*900 ohms" "45-7", when operated, closes the circuit through 
900 ohms resistance and causes the pulses to be sent from 45 volt 
battery. A table on the te3t set drawing shows the specification 
numbers of four marginal relays together with the loop resistances 
over which each is intended to operate and the test resistances 
to be used. 

gey "R-2" . "R & ?" 

This key is of the locking type. In testing control 
circuits, it is operated for the purpose of connecting the teat 
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eet to the second marginal relay of a circuit which is provided 
with two marginal relays, the second relay being wired in series 
with lead "R-l" and connected to the sleeve of jacks "A". 

Numerical Keys 

The numerical keys are mechanically locking and are used 
in setting up any line number which it is desired to have displayed 
on the indicator. They are so wired in connection with the 
sequence switch as to form the pulse codes of any line number which 
is set up on them. 


Sequence Switch 

The sequence switch is driven by a spring which is wound 
up by means of a handle on the outside of the test set. The spring 
is released at the proper time by magnet "R* which, in operating, 
pulls the 8 top and allows the switch to make one complete re- 
volution and in so doing to send the proper combination of pulses 
for displaying on the indicator the line number which is depressed 


on the keys. 

The following table shows the positions of the sequence 


switch in which each pulse is sent: 


Pulse Code Part #1 
Positive or 
none 


T. Thousands 

Thousands 

Hundreds 

Tens 

Units 


3 

6 

9 

12 

15 


Part #2 
ngETor 
Heavy negative 

3-3/4 

6-3/4 

9-3/4 

12-3/4 

15-3/4 


Part #3 
Positive or 
none 

4-1/2 

7-1/2 

10 - 1/2 

13-1/2 

16-1/2 


Part #4 

Light or 
Heary negative 

6-1/4 

8-1/4 

11-1/4 

14-1/4 

17-1/4 
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The sequence switch is arranged to send out the code for 
00000 when no keys are depressed. The code for a zero digit is 
composed of two light negative pulses, one in the second and the 
other in the fourth part of the code cycle. Therefore, in order 
to display 00000 on the indicator, ten negative pulses are sent 
out, one in each of the positions listed in part #2 and part #4 
of the above table. The battery for these pulses is supplied 
from the ring of jack M C W through 3500 ohms resistance, bottom 
inner and top outer contacts of cam "I H etc., to the ring side 
of the circuit; ground is supplied from the ring of jack "D" 
through the bottom inner and top outer contacts of cam "K" etc., 
to the tip side of the circuit. It will be noted that the top 
outer contacts of cams •I" and are cut to close in each 
of the positions listed in parts #2 and #4 of the above table i.e. 

3-3/4, 5-1/4, 6-3/4, eto. 

Cams "B n , M C M and "D H of the sequence switch are used in 
supplying to the keyB which require it heavy current (battery througi 
52.5 ohms) for the heavy negative pulses in part #4 of the code 
cycles. The bottom inner contact of cam H 3S M is used in connection 
with cams W F", and H H" in supplying to the keys which require 

it heavy current for the heavy negative pulses in part #2 of the 
code cycles. The top outer contact of cam in connection 
with cams "F" , "G" and M H M is used in supplying to the keys 
which require it li^it current (battery through 52.5 and 3500 ohms 
in series) for the positive pulses in either part #1 or part #3 
of the code cycles. The bottom outer contact of cam "K* is used 
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in supplying ground to the ring side for positive pulses; it will 
be noted that this contact is cut to close in each of the positions 
listed in parts #1 and #3 of the table. The csm contacts which 
have not been mentioned (with the exception of cam * 11 * ) are used 
in conducting from the key contacts the positive pulses to the 
tip side and the heavy negative pulses to the ring side of the 
circuit. 

Key "Step By Step M 

This key is for use in making step by step test of control 
and lamp circuits. When operated, it opens the circuit of the pulse 
switch and closes the circuit of lamp "MICH" to the front contact 
of relay "I". Lamp "UTCH" will light upon the operation of relay 
"I" indicating that the control circuit is ready to receive pulses 
from the manually operated pulse keys. 

Pulse Keys 

There are three pulse keys designated respectively with a 
positive sign, a heavy negative sign and a li$it negative sign. They 
are of the locking type and are used for sending pulses in making 
step by step tests of the control and lamp circuits. When operated, 
they apply pulses as indicated by their designations. 

Numerical Master Key 

This is a locking key and is used for the purpose of 


enabling test calls to be sent by means of the thousands numerical 
keys. The "0" numerical keys should be depressed in the hundreds. 
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tens and units rows. If the numerical master key is thrown, the 
hundreds, tens and units digits will be like the thousands digit* 

Thus if thousands key 2 is depressed, the number sent will be 2222. 

On thousands 1,3,6 and 8 the #1 ten thousands lamp will be lighted 
while the "0" ten thousands lamp is limited on thousands 2,4, 5, 7 and 
9. 

If other codes, like 2345, are desired, the master key 
should be restored and the call set up in the usual manner. 


* 



* 


Key "ST" "K" 

This key is non-locking and is used to start the operation 
of the test 8e t after it has been connected to the circuit which is 
to be tested and the proper test set keys hare been thrown. 

Relay "ST" 

This relay is used only in testing trunks and is operated 
by the start key for the purpose of connecting the winding of relay 
"TG* across the trunk circuit to operate relay "A" of the trunk. 

Relay "TG" 

This relay is used only in testing trunks and is operated 
by the 24 volt battery and ground supplied by the trunk through wind- 
ings of trunk relay A. Its function is to close the circuit for 
operating relay "K" and for holding relay "ST" operated. 

Relay "K" 

In testing trunks, relay "K" has two functions: 

1. To open the locking circuit of relay "ST*, allowing 
it to be held operated only by means of the circuit closed by relay 


"TG" 


Bulletin No. 17. 


-8- Dir. C # Sec. IV, 

Routine Teste and Inspections. 

12 / 1 / 20 . 

On aha, 

2. To prepare the circuit of relay "I " eo that it will 
operate after relay "ST" has been released by the falling down of re- 
lay "TG" upon the depression of the trunk display key. 

In testing control circuits, relay "K" operates in series 
with relay "HO" of the control circuit when key " ST* is operated. 

Its function is to close the circuit for operating relay "I*. 

Relay "I" 

This relay has two functions: 

1. To connect the tip and ring circuits to the sequence 
switch contacts which supply the pulses to the marginal and polarized 
relays of the control circuit,. 

2. To operate release magnet "R" which allows the sequence 
switch to make its revolution. 

Relay "CO" 

This relay operates just before the sequence switch completes 
its revolution, and looks up to inner contacts of key "DISC". "HO". 

Its functions are as follows: 

1. To hold open the circuit of release magnet "R" so that 

it can not operate again until key "DISC" has been depressed and another 
call sent. 

2. To release relays "K" and "I" (when set is used for 
teeting trunks). 

3. To close circuit of "Sup." lamp. 

4. To complete the circuit for connecting relays »TC" and 
"SUP" in series across the trunk. 


Bulletin Ho. 17, 


9~ 


Biv, C. Sec. IV, 

Routine Tests and Inspections. 

12/1/2C. 

Omaha. 

Relay "TC" and Lamp "TC" 

The function of relay "TC" and lamp "TC" is to indicate 
that the trunk under test has been closed through again by the 
release of trunk relay " I " after the pulses have been sent. 

Relay W SLV" of Test Line Circuit and Lamp "W of Test Set. 

Relay " SLY" operates and lights lamp "M" when the 
operator plugs the cord of the trunk under test into multiple of 
the test line. 

Switchboard Multiple Test Line. 

The test line is used in testing the ringing and supervisory 
relays of trunks. The ringing sets are provided for single, and two- 
party offices. 

Key w TRIP" 

This key is non-locking and is used in tripping the ringing 
relays of a trunk which has been connected to the test line. 

Key "TEST* and Relay "T" 

The "TEST" key is of the locking type and is used in 
operating relay "T" of the test line circuit for the purpose of 
connecting the trunk to the resistances and keys which are used when 
testing the supervisory relay. 

Key "ADJ" 

Ihis key is of the locking type but is not wired for use. 

Keys "SOAK" and "QPER" 

These keys are non-locking and are used with the "TEST" 
key for the purpose of applying to the supervisory relay the 
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soaking and operating currents. Relay "SUP" follows the operation of 
the supervisory relay and by means of lamp "SUP" indicates whether 
the supervisory relay is operating properly. 

SPL. Key per D-8544 

This is a special portable key, equipped with a cord for 
connecting it to Jack "B" of the test line circuit when it is not 
convenient to use the test box keys in adjusting supervisory relays. 

It has two buttons, one for applying the soaking current and the 
other for applying the operating current. 

Key "SUP", "T*ST". Lamp "KTCH" , Relay "SUP" and Lamp "SUP". 

The "SUP. TEST KEY" is of the #491 type and is used in con- 
junction with key "TEST". It is wound up by a handle on the outside 
of the test set. Vtfhen released, it makes one revolution and by means 
of three cams mounted on its shaft performs the following function: 

1. Applies "soaking" current to the supervisory relay for 
3 seconds through contacts "A". The supervisory relay of the trunk 
and relay "SUP" of the test set should be operated and lamps "SUP" 
and "1.TCH" should be out, contacts "C* of this key being open whenever 
contacts "A" are closed. 

2. During the next 1/2 second, contacts "C" are closed and 
contacts "A" and "B" are open. Only releasing current is applied to 
the supervisory relay at this time so that it should release and 

*11 ow relay "SUP" of the test set to release. Lamps "SUP" and "MTCH" 
should li^it. 

3. During the next 1/2 second, contacts "B" are closed to 
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apply the operating current to the supervisory relay, contacts "A* 
and * C" being open* The supervisory relay should operate and 
cause relay "SUP" of the test set to operate. Lamps "SUP" and 
*MTCH M should be out. 

4. During the last second of its revolution (the total 
revolution consuming 5 seconds) contacts "A" and "B M are open and 
contacts "C" are closed causing lamps "SUP" and "ilTCH* to light and 
remain lighted. 

In short, when this key is used in testing the supervisory 
relay, lamps "SUP" and "ETCH" will act in unison if the supervisory 
relay is operating properly. 

50 Ullli ampere liilarmneter 

This meter is for use in adjusting the current values 
in testing the supervisory relays. 

Variable Resistances 

These resistances are represented in the test line circuit 
by sir dial switches. Three dials are used in adjusting this 
"Operate" current for relays and the other three for Release 
current values* 

METHOD OP QPERATIQK ~ TRUNK AND POSITION TEST SET. 

Testing Control Circuit - Using numerical Keys and Pulse Switch. 

The control circuit under test should be disconnected 
from the trunks of the position by operating the emergency key. 

If the position must be used for handling traffic while the 

test is in progress, the emergency lamps should be connected to the 

position for this purpose. 


Bulletin Ho. 17, 


• 12 - 


Div. C, Sec. IV f 
Routine Teste and Inspections. 
12 / 1 / 20 . 

Omaha. 

1* ’With all te 8 1 box keys normal , patch jacks "A", "B", 

W C W and "D" of the test set respectively to jacks "A", "B", "C" and 
"E" in the face of the switchboard. 

Caution: 

In patching jacks "C", plug into test box last. In dis- 
connecting, remove plug from test box first. This action is 
desirable in order to avoid the crossing of battery leads. Care 
should also be taken to handle each cord separately and not to 
allow one plug of a cord to come into contact with grounded metal 
work while the other plug is connected to a jack. 

2. Operate proper "GROUP 1 * key. 

The test should be performed first with the "GROUP" key 
opera tedwhich applies the lower voltage and the hi#ier resistance 
specified for the marginal relay of the control circuit. The 
test should then be repeated with the "GROUP" key operated which 
applies the higher voltage and lower resistance specified for the 
marginal relay. 

3. Set up on the keys the first test call. 

If the call is made up of a code in which all the 
digits are the same, the numerical master key may be operated* Then 
the depression of the thousands key will be sufficient to set up the 
desired number. If the digits are not alike, for instance 2345, 
the numerical master key should not be operated and the number must be 
set up by using the proper keys in each row. 

4. Wind up the sequence switch spring by turning handle 
around as far as it will go. 
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5. Depress and release key "ST". 

tfhen key "ST" is depressed, relay "HO" of the control 
circuit and relay "K" of the test set operate in series, the circuit 
being as follows: 

24 TOlt battery through winding of relay "HO*, sleeve 
of jacks "B H , inner contacts of keys "TRK" and "DISC", 18.3 ohm 
winding of relay "K" outer oontacts of key "ST" inner contacts of 
key "TRK", ring of jacks "B", and back contacts of relays "IC" and 
"PC" to ground. 

When key "ST* is released, relay "K" becomes locked 
through both windings in series, front contacts, and inner contact® 
of key "TRK" to ground. 

Relay "HO" performs its regular functions. Relay "K* 
of the test set closes a circuit to operate relay "I" in series with 
relay "IC" of the control circuit; this circuit passes through tip 
of jacks "B*. Relay "I" closes the circuit of the sequence switch 
release magnet. This magnet, in operating, pulls the stop which 
was holding the sequence switch, allowing it to make one revolution. 
Relay "I" also closes the tip and ring of the circuit over which 
the pulses are to be sent. The marginal *.r;d polarized relays of 
the control circuit are connected to the test set through tip and 
ring of jacks "A". 

The cuttings and wiring of the sequence switch cams in con- 
nection with the wiring of the numerical keys are such that when 
the switch makes one revolution, the proper codes are sent to the 
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pulse relays of the control circuit to cause the number which has been 
written up on the keys to he displayed on the indicator. The cir~ 
cults which are used in forming the pulse codes can he traced 
readily after studying the sequence switch description. 

When the sequence switch is passing through positions 
18/18 1/4. relay "CO" is operated by the closure of its circuit to 
ground through top and bottom outer contacts of cam "K". This 
relay locks up to ground on the inner contacts of key "DISC". Relay 
•CO" opens the circuit of release magnet "R" so that it can not 
operate again until key "DISC" has been depressed and a new call 
sent. When the sequence switch arrives at its normal position, 
it is held there by the stop which is associated with release 
magnet "R". 

The operation of relay "PC" of the control circuit after 
all pulses have been received opens the circuit of relay "I" of the 
test set and relay "IC" of the control circuit, allowing them to 
release. The number will remain displayed on the indicator until 
either key "DISC" or key "HO-I" is depressed. 

6. Disconnect by depressing key "DISC". 


Hote : 


, On next test call, disconnect by depressing key "HO-I". 

On subsequent calls disconnect by using keys "DISC" and ‘’HO-I" 
on alternate calls. Key "DISC", when depressed, opens the cir- 
cuit of relay "HO" of the control circuit and relay "K" of the 
test set, allowing them to release; this key also releases 
relay "CO". The release of relay "HO" causes the number to 
disappear from the indicator, the test set and control circuit 
now being ready for the next test call. The operations resulting 
from the depression of key "DI3C" simulate those which take 
place when the trunk cord is plugged into the multiple after 
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the number appears on the indicator. The depression of key 
*HO-I M causes operations simulating those which take place as 
a result of depressing the display key of a trunk other than 
that to which the displayed number belongs. This key bridges 
across the winding* of relay H K* a circuit composed of 20 ohms 
resistance in the test set in series with the winding (.42 ohms) 
of relay "H0-I M of the control circuit. Relay W K W of the test 
set should release under this condition and thereby allow 
relay "HO-I" to operate in series with relay "H0 W , which is 
already up. Relay "HO-I* 1 operates H HO-2" of the control circuit, 
thus causing the displayed number to disappear. 

If no trouble occurs, the next test call should be sent, 
etc., until all test calls have been completed. 

JTote 


Wind the sequence switch spring for each call as directed 
under step #4. 

Repeat the test using the "GROUP" key which applied 52 
volt battery and the lower resistance to the tip and ring of 
the test circuit. 

When a control circuit has a second marginal relay, the 
whole test should be repeated with key "R-2" of the test set 
operated, in order to test the operation of this relay. 

If o te : ** 


Relay "KC" of the control circuit may be tested as follows: 

Instead of releasing the start key (as in step #5) hold it 
depressed until after the pulse switch has completed its rev- 
olution. 

If the number appears and remains displayed, it indicates 
the operation of relay "KC" ; if the number is wiped off the in- 
dicator as soon as it appears, it indicates the failure of relay 
"KC" to operate. 

If relay "KC" fails to operate under this condition, the 
"HQ-I" relay will operate and cause the lamps to disapoear ae 
soon as lighted. 


Trouble 

Wrong numbers may be due to the following causes: 

1. Failure of the marginal and polarized relays to respond 
properly to the pulses. 

2. Failure of lamp relays to operate or to lock up after 


operation 
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Incomplete numbers with the displayed digits either cor- 
rect or one or more of them wrong may be due to: 

1. Failure of the negative sensitive relay to operate 

properly. 

2. Failure of the relays "W" and "Z". 

3. Failure of switching relays. 

A comparison of the complete codes for the called and 
displayed numbers will prove helpful in determining the cause of 
troubles. If faulty relay adjustments are indicated, the relays in- 
volved should be tested by means of the standard relay adjusting 
test set. 

Restoring Position to Service 

Upon the completion of the test, the emergency equipment 
should be disconnected from the position and the regular equipment 
restored to service by restoring the emergency key to its normal 
position. 


Testing Control Circuit - Step by Step Method 

In making this test, the test set is connected to the 
control circuit in the same way aB when using the numerical keys and 
the pulse sequence switch. 

1. After the test set has been connected to the control 
circuit see that all test set keys are normal, then operate the 
proper "GROUP" kev. 

2. Operate ^ey "Step by Step". 

3. Depress and release key "ST". 
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When this key is depressed, relay "HO" of the control 
circuit and relay M K" of the test set operate in series, as in the 
teat just described. 

When this key is released, relay "K" becomes locked up in 
series with relay "HO", as in previous test. 

Relay "K" closes a circuit to operate relay "I" of the 
test set, which in turn closes the circuit of lamp "UTCH" • The 
lighting of this lamp indicates that the control circuit is ready 
to receive pulses from the pulse keys. 

4. Operate and restore the pulse keys in the proper order 
to form the code of the desired line number. 

After all pulses have been sent, relay "PC" of the control 
circuit operates, opening the circuit of relay "I" of the test set 
and relay "IC" of the control circuit and allowing them to release. 
Relay "I" opens the circuit of Lamp "MTCH", causing it to go out. 

If the control circuit is operated properly the desired 
line number will be displayed on the indicator and will remain dis- 
played until either key "DISC" or key "HQ-I" is depressed. 

It is not intended that the pulse keys be used exclusively 
for sending pulse codes. It may be desirable to operate one or more 
of them several times in succession in order to test and ohserve the 
operation of the marginal and polarized relays of the control circuit. 


Trunk Testing 

Trunks which are to be tested should first be made busy 
at the outgoing end. 

1. With all test box keys normal, patch Jacks "B*, *C" 
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*D" and "E" of the test set respectively to jacks "B" , "C", "D" 
and M E" at the trunk relay rack. Also patch jack "A" of the test 
set to the test jack of the trunk to be tested. 

NOTE 

Care should be exercised in handling patching cords. 

See M Caution" under TESTING CONTROL CIRCUITS. 

2. Operate key "TRK". 

3. Operate the "GROUP" key which applies 45 volt battery 
and the higher resistance to the tip and ring of the test circuit. 

4. Set up 00000 on the keys. 

This call is recognized by the operator as a test call 
which should be connected to the switchboard multiple test line. 

5. Wind up the sequence switch spring by turning handle 
around as far as it will go. 

6. Depress and release key "ST*. 

When key "ST" is depressed, relay "ST" operates by the 
closure of the following circuit: 

24 volt battery through winding of relay "ST", outer 
contacts of keys "ST" and "TRK", back contacts of relay "K" , 
outer contacts of key "TRK", and back contacts of relay "CO" to 
ground. 

Upon the release of key "ST", relay "ST* becomes locked 
through the same winding and its front contacts. 

This relay connects across the tip and ring of the trunk 
the winding of relay "TG" causing relay "TG" and relay "A" of the 
trunk to operate. 


y 
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Relay "TG", in operating, closes the circuit for operating 
relay "K" in series with the inner winding of relay "ST". Relay "K" 
opens the locking circuit of relay "ST* (outer winding), hut relay 
* ST* is still held up by means of its inner winding. 

The display lamp was lighted in the regular way, and the 
operator, upon nothing it depresses the display key. This changes 
the display lamp to a flashing signal and releaees relays "TG" and 
"ST" in turn. Relay "K" remains locked up throu^i both windings in 
series and its front contacts. Relay "ST", released, connects the 
tip of test jack "A" through back contacts to armature of relay "I"; 
it also closes the circuit for operating relay "I", as follows: 

24 volt battery through winding of rslay "I", front contacts 
of relay "K" , back contacts of relay "ST", and outer contacts of 
key "TRK" to ground. 

Relay "I" closes the tip and ring of the test circuit and 
also operates magnet "R" which in turn pulls the sequence switch 
stop and allows it to make one revolution, and thereby send the pulses 
for displaying the test call 00000 on the indicator. For further 
information as to operation of the sequence switch in sending pulses, 
see description of the sequence switch under APPARATUS and reference 
to it under TESTING CONTROL CIRCUIT. 

Relay M C0" of the test set is operated while the sequence 
switch is moving throu^i positions 18/lQ 1/4. It locks up throu^i 
its front contacts and inner contacts of key "DISC" to ground. It 
opens the locking circuit of relay "K" , allowing it to release; it 
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closes two circuits: 


1. To light lamp "3UP". 

2. To connect one winding of relay M TC* to hack 

contact of relay H I". 

Relay "K" , in releasing, allow® relay "I" of the test set to 
release and thereby to connect relays "TC H and *SUP* (in series) be- 
tween the tip and ring of the trunk test Jack. Relay "TC" is oper- 
ated ab soon as the trunk is recloeed by the release of trunk relay 
"I* immediately after the last pulse is received. Relay *TC H lights 
lamp *TC" to indicate that trunk closure has taken place. 

Relay "SUP* is polarized and does not operate until the 
trunk supervisory relay has operated and caused the current to 
pass through relay "SUP* in the reverse direction. 

Upon the appearance of the call for 00000 on the indicator, 
the operator connects the trunk to the final multiple test line. 

This causes relay *SLV* of the test line to operate and 
light lamp "Fk" of the test set. The test line bell should then begin 
to ring. 

7. The bell should be allowed to ring for one full period 
in order to test for false tripping. After this, depress and release 
key "TRP" during a ringing interval. Key "TRP" operates relay "TRP" 
of the test line circuit, connecting a resistance (800 ohms in single 
and two party offices), across the tip and ring of the trunk to trip 
ringing relay "R-I". Xh en the trunk test is again made trip the 
ringing relay during a silent period; on the next test, trip the ringing 
relay during a ringing period etc. 
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8. Operate key "TEST* and key "OPER" and adjust the 
current through the trunk supervisory relay to the "operate 11 value 
of .019 amperes by means of the variable resistances designated 
"operate" in the test line circuit. Restore the "operate" key 
and adjust the current to the "release" value of .003 amperes by 
means of the variable resistances designated "RELEASE". It is not 
necessary to make these adjustments for each relay tested but a check 
should be made at frequent intervals to eliminate error duo to any 
change in battery voltage. 

Key " TEST" operates relay "T" which connects the fixed 
and variable resistances across the cord circuit of the trunk. 

9. Test the trunk supervisory relay by winding up key 
"SUP. TSST" and letting go the handle. Lamps "SUP." and "11TCH" 
should act in unison if relay ie operated properly. Both lamps 
should be out for three seconds, lighted during the next one-half 
second, out during the next one-half second and then lighted. 

Contacts "A" of key "SUP. TSST" close for three seconds, 
reducing the resistance across the cord circuit to ten ohms for 
the purpose of "soaking" the supervisory relay. During the next 
one-half second, contacts "A" and "B" of key "SUP. TEST" being 
open, only releasing current of .003 amperes is applied and the 
supervisory relay should release under this condition. During 
the next one-half second, contacts "B" of "SUP. TEST" are closed, 
changing the resistance, applying operating current of .019 amperes 
and causing the supervisory relay to operate again. During the 
remainder of the revolution, contacts "A" and "B M are both open, 





Ji 
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causing the supervisory relay to release. 

10. With key "TEST* still operated make a further test of 
the supervisory relay by operating key "OPER* at the rate of three 
times per second for a period long enou^i to determine whether the 
relay responds properly, as indicated by the flashing of lamp "SUP". 

Note 

In making this test, care should be taken to make the open 
circuit interval shorter than the closed circuit interval in 
order to approximate the operating condition experienced when 
flashing with the average desk stand switch hook. 

Trouble 

If the supervisory relay does not operate properly it 
should be adjusted, as follows: 

With key “TEST" still operated .operate xey "OPER". 

Adjust the " opera te" current through the relay by means 
of the variable resistances designated * OPERATE" to .016 amperes. 

Adjust the release current to .005 amperes by means of 
the variable resistances designated "RELEASE". 

Adjust the relay on the above values of current in 
accordance with the standard method for adjusting this relay. 

When not convenient to use keys "OPER" and "SOAK", the 
special key per D-8544 shown on the test line circuit may be used 
by removing the patching cord from jack "B" of the test line and 
inserting the cord of the special key in the jack. 

11, Depress key "DISC", then remove the plug from the test 
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jack of the trunk and insert it in the test jack of the next trunk 
to he tested. 


12. Test each trunk hy repeating operations 5 to 11 

inclusive. 




Restoring Trunks to Service. 

After the completion of a trunk test, the trunks should he 
restored to service hy removing the "busy*, condition at the outgoing 
end. . 

INSTRUCTIONS FOR 

ROUTINE TESTS 


Test of R.C.I. Control Circuit (Regular) 


General : 

This test is to he made at the front of the switchboard. 

Frequency : 

Once a week. 

Apparatus Used: 

Relay call indicator trunk and position test set* 

Relay call indicator test line and battery jack circuit. 
Before connecting test set to control circuit, if position 
to he tested is in use, substitute emergency control circuit for 
regular control circuit at the position to he tested as follows: 

(a) Connect the emergency indicator lamps to the position. 

(b) Operate the H E H key while no display key is depressed. 
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With all test set keys normal, patch jackB "A", *B*, "C", 

(See caution below) and **D* of the test set respectively to jacks 
"A", "B", *C* and •’D" in the face of the switchboard. 

CAUTION: 

In patching jack **C**, plug into test set last . 

In disconnecting, remove plug from test set first. 

This action is desirable in order to avoid the crossing of 
battery leads. Care should also be taken to handle each patching cord 
separately and not to allow one plug of a cord to come in contact with 
grounded metal work while the other plug is connected to a jack. 

Method: 

After test set has been connected to control circuit, 
proceed as follows: 


l: Operate the "45-V Group** key for the group corresponding 


to the "MG* relay as per the following table: 

GROUP: "MG* RELAY: 

1 D-221$9 or 20S-H 

2 D-22200 or 208-J 

3 3>22201 or 208-K 

4 D-22202 or 208-L 

2: Set up on the keys the first test call shown in the 

following table: 


Jack per 

Station 

Offices. 



Hi 


1 

2 

3 

4 

5 

6 

7 

8 
9 
0 



u: 




4 

5 

6 

7 

8 
9 
0 
1 
2 



« 
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If the numerical master key is thrown, test calls may he 
8et up hy using the Thousands key only. In this case the test calls 
will be. 


TH: Hi 

0 0 
1 1 
2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 



3: Wind up the pulse switch spring hy turning the 
handle as far as it will go. 

4: Depress and release the W ST H key. This will cause 
the pulse switch to make one revolution and the number to he dis- 
played, on the indicator. The “SUP" lamp of the test set will also 
light. 

5: If the number displays "OK", depress either the 
"DISC* key or the M HQ-1" key. Use these keys on alternate test 
calls; i.e. depress the "DISC"hgrcnane call, the "HO-l" key on 
the next call etc. 

Hote :*• 


Either key should cause the number to disappear from 
the indicator and the "SUP" lamp to go out. The "DISC* 
key causes operations similar to those which take place 
when the trunk cord is plugged into the multiple after the 
number appears, while the M H0-1 H key causes operations 
similar to those resulting from the depressions of the 
^ display key of a trunk other than that to which the dis- 

played number belongs. 


1 
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6: Set up the next test call shown in the table under 


Step #2. 


7: Repeat Steps #3, #4 and #6. 

8: Proceed in this way until all test calls in the table 


have been sent. 
Note :- 


On a few of the test calls, in order to test the "KC " 
relay, instead of releasing the H ST H key immediately hold it 
depressed until the pulse switch has completed its revolution. 

If the number appears and remains displayed, it indicates the 
operation of the "KC H relay. If the number is wiped off the 
indicator as soon as it appears, it indicates the failure of the 
relay to operate. 

9: Restore the "45-V group 11 key and operate the corresponding 
"52-V group" key. 

10: Make another complete test as above. 

11: In offices where a second marginal relay (designated 
MG-1.) is provided repeat the whole test with the "R-2" key operated. 

12: If no trouble is found. 

(A) Disconnect the test set from the test Jacks, 
observing "CAUTION" under "Apparatus Used". 

(B) Restore the "E" key while no display key is 
depressed, and remove the emergency lamps from the position. 

Troubl e : 


If trouble is found, make the necessary repairs or relay 



i 


adjustments at once. In adjusting relays use the Relay Adjusting 
Test Set in accordance with instructions for relay adjustments. 


1 
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After repairs or adjustments have been made, test the 
control circuit sufficiently to determine whether the trouble has been 
Cleared. 

In disconnecting follow Step #12. 

See "Step by Step" Method below. 

Record: 

Make a record of the test and trouble found, if any, on the 
routine test and inspection sheet, giving the code letter of any 
relay adjusted, repaired or changed. 


General : 


Test of R.C.I. Control Circuit (Emergency) 

This test is to be made at the front of the switchboard. 


Frequency: 

Once a week. 

Apparatus Used: 

Relay Call Indicator Trunk and Position Test Set. 

Relay Call Indicator Test Line and Battery Jack Circuit. 
With all test set keys normal, patch jacks "A", H B", "C" 
(see CAUTION below) and H D" of the test set, respectively, to Jacks 
"A", "B" , "C" and "D" in the face of the switchboard. 

CAUTION: In patching jacks H C", plug into test 
box last . 

In disconnecting, remove plug from test 
86 1 first. 


This action is desirable in order to avoid 
the crossing of battery leads. Care should 
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also be taken to handle each patching cord 
separately and not to rllow one plug of a 
cord to come into contact with grounded 
metal work while the other plug is connected 
to a jack. 

Method : 

After test set has been connected to the control circuit, 
proceed as follows: 

Steps #1 to #11 - Same as for testing the regular 
control circuit. 

#12 - If no trouble is found: 

(A) Disconnect test set from test jacks, 
observing "CAUTIOH" under Apparatus 
Used. 

(B) Remove emergency indicator lamps from 
position. 

Trouble: 

If trouble is found, make the necessary repairs ©x 4 
adjustments at once. In adjusting relays, use the Relay Adjust- 
ments. 

After repairs or adjustments have been made, test the 
control circuit sufficiently to determine whether the trouble has 
been cleared. 

In disconnecting, follow Step #12. 

See "Step by "Step” Method below. 

Record: 


Make a record of the test and trouble found, if any, on 
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the routine test and inspection sheet, giving the code letter of 
ony relay adjusted, repaired or changed. 

Cteo by Lteg Kethod . 


General : 

The R.C.I. Trunk and Porition Test Set has a step by Step 
key which, when operated, will allow oulsen to be sent by three 
manually operated keys designated respectively with symbols to 
correspond with the character of pulse which each will send, as 
follows: 

(+) Positive 

(») Heavy Negative 

(-) Light Negative 

The feature is provided so that when desirable to observe 
the operation of the marginal and polarized relays or the and 
"Z* relays of the control circuit, pulses can be sent more slowly 
than when the >ulee switch is used. 

The test is to be made at the rear of the switchboard 
where the relaye are mounted. 

Apparatus: 

Same as for test of regular and emergency control circuits. 

Method: 

After the test set has been connected to the circuit to be 


tested: 

1. Operate roper "GROUP" key. 

2. Operate "Step by Step" key. 

3. Depress and releaoe " ST" key. 
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4. Vhen "MTCH H Inmo lights: 

Operate and restore oul se keys in the proper order to 
form pulse code of desired line number. 

Note 


* 


It i 8 not intended that the pulse keys be used 
exclusively for sending nulse codes. It may be desir- 
able to operate one or more of the keys several times 
in succession, irrespective of the code being formed. 

5. After all switching relays have operated, depress 
either "DISC* or M HQ-1" key to release the relays. 
Ifurther tests can be made by repeating steps. 

#3, #4 and #5. 

Disconnection of Teet Set: 

*hen through with the test set: 

(A) Disconnect it from the test jncks, 
observing "CAUTION* as instructed 
under "Apparatus Used" in test of 
regular control circuit. 

(B) If testing a regular control circuit, 
restore the "32 M key while no display 
key is depressed and remove the em- 
ergency lamps from the position. 

If testing the emergency circuit, re- 
move the emergency lamps from the 
posi tion. 

Te?et of a.C.I. Trunks, - Single Party Offices 

General : 

This test is to be made at the trunk relay rack. 
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Once a week. 

Apparatus: 

R.C.I. Trunk and Position Test Set. 

(Portable Box) 

R.C.I. Test Line and Battery Jack Circuit. 

(Wired permanently at relay rack). 

Method: 

1. Have one -half of trunks which are to be tested 

"made busy" at outgoing end. 

2. With all test set keys normal, patch jacks "B* # "C", 

"D" and "B* of test set respectively to jacks H B", 
"C M , "D* and H B** at trunk relay rack; also patch 
jack "A" of test set to test jack of the first 
trunk to be tested. 

Eote:~ 


Care should be exercised in handling patching cords. 
See "CAUTION" under Test or Regular Control Circuit. 

3. Operate *?RK H key. 

4. Cjpeiate *45-V GROUP" key for group corresponding to 

“MG M relay of control circuit, as per following 
table: 

GROUP MG Relay 

1 D-22199 

2 D-22200 

3 D-22201 

4 D-22202 
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5. 

6 . 

7. 


8 . 

9. 

10 . 

11 . 


Get up 00000 on keys. 

find up sequence switch spring by turning handle 
as far ac it will go. 

Depress and relen .80 H 3T" key. The following operations 
then take place: 

Display lamp of trunk lights. 

Operator depresses diaplav key. 

Pulse switch makes revolution. 

Test call 00000 appears on indicator. 

Lamps * SUP" and *TC» of tost set light. 

Operator plugs trunk into switchboard 
nultiple test line, causing test line 
bell to ring. 

Allow bell to ring for one full period, then depress 
and release "THP* key during a ringing interval. 

Bell ehould stop ringing. 

Depress and release W TRP* key during a silent interval. 
Bell should not ring again. 

3teps #8 and #9 should be alternated on successive tests. 
Adjust current flow for "S" relay as follows:- 

(a) derate *TKST* key. 

(b) Operate "0P1SR" koy. 

(c) Adjust the current to .019 amperes by means 
of variable resistances * OPERATE" in the 
test line circuit. 

(d) Restore "0P.SR* key. 

(e) Adjust the currentto .003 amperes by means 
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of variable resistances "RELEASE" in test 
line circuit. 

12. Test " S" relay as follows:- 

With "TEST" key still opeiated, vind up "SUP, TEST" 
key and let go of the handle. The "SUP", and 
"MTCH" lamps should act in unison if relay is 
operated properly. Both lamps should be out for 
three seconds, lighted during the next one-half 
second, out during the next one-half second and 
then lighted steadily. 

13. With "TEST" key still operated, make a further test 

of "S" relay by operating the "OPER" key at the 
rate of three times per second for a period long 
enough to determine whether relay responds proper- 
ly as indicated by flashing of the "SUP." lamp. 

Note:- 

In making this test, care should be taken to make the 
open circuit interval slightly shorter than the closed circuit 
interval in order to approximate the ooerating condition ex- 
perienced when flashing with the average deskstand hook. 

14. If the "S" relay does not operate properly, it should 

be adjusted as follows: 

(a) With the TEST key still operated, operate 
"OPER" key. 

(b) Adjust "operate" current through relay by 
me an 8 of variable resistances designated 
"OPERATE" to .016 amperes. 

(c) Adjust release current through the relay by 
means of variable resistances designated 
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"release" to .005 amoeres. 

(d) Adjust relay on the above values of current 
in accordance with the standard method of 
adjusting this relay. 

15. Depress "DISC" key and remove plug from test jack of 

trunk. 

16. TeBt each trunk which has been made busy at the out- 

going end, by plugging test cord into test Jack of 
trunk and repeating Steps #6 to #15. 

After these trunks have been tested, have those not 
in trouble restored to service, and remainder of 
trunks made busy. Then proceed as under Step #16. 

Trouble: 

If trouble is found, make necessary repairs or adjustments 
at once. In adjusting relays other than the "S" relay, use Ry. Adj . 

Test Set in accordance with relay adjustment instructions. 

After repairs or adjustments are made, test each trunk 
involved to determine whether trouble has been cleared. 

Have trunks which were in trouble restored to service. 

In disconnecting test set, exercise care in handling patch- 
ing cord. See "CAUTION" under test of Regular Control Circuit. 

Record: 

Make a record of the test and trouble found, if any, 
on the routine test and inspection sheet, giving the code letter 
of any relay adjusted, repaired or changed. 
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Test of Corde - R.C.I. Trunks 

Bor Trank 8 having Disconnect Lamp Connected to Sleeve of Cord: 


frequency: 


Once a week. 

Apparatus Used: 

Same as Manual 

Method: 

1 - Hare one -half of the trunks which are to be tested 
made busy at outgoing end. 

2 - Make the same test as in Manual practice. 

3 - After the cords of all trunks which were made busy 
have been tested, have those not in trouble restored to service and 
hare the remainder of the trunks made busy. 

4 - Test each ef these cords as per Step #2, restoring 
those not in trouble to service as soon as test is completed. 

Trouble : 

If trouble is found, make the necessnry repairs at once 
and see that all trunks are restored to service. 

During test, note should be made of plug trouble, chipped 
or broken supervisory lamp caps, missing or broken key parte or 
other mechanical defects. 

Record : 

Make a record of the test and trouble found, if any, on 
the routine test and inspection sheet. 


ysr 
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BIViaOH C . 

RELAY CALL DEDICATOR OFFICES 

Section V - Trouble Routines 


General . 

The correct operation of relay call indicator trunks to 
a large extent depends upon their being kept free from swinging 
opens, grounds and crosses. It is therefore absolutely necessary 
that the trunk cable conductors, apparatus and wiring shall not be 
interfered with at any time unless the trunks are first made busy 
at the full mechanical office. 

No test involving the opening or crossing of wires either 
momentarily or longer with ground or battery, or the manipulation 
of the apparatus shall be made on the C. I. trunk circuits without 
first observing the above precaution. Failure to observe these 
instructions may result in wrong numbers, cut-offs or false super- 
visory signals which will be reported by subscribers or the Traffic 
Department for investigation. 

Whenever any test is to be made or any work done which is 
liable to affect the proper operation of call indicator trunks the 
Desk Switchman at the full mechanical office shall be notified and 
requested to have the desired trunks made busy. The Desk Switchman 
can be called over the following lines: 

Official Lines from Final Multiple. 

" w " Official P.B.X. 

Wire Chief’s Circuit - Code Ringing. 
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As soon as test or other work has been completed the Desk 
Switchman of the full mechanical office shall be called and re- 
quested to have the trunks made idle in order that they may be 
placed in service. 

At frequent intervals the Insideman shall run over the 
tickets representing trunks out of service and report to Wire Chief 
all cases which have not been O.K f ed within a reasonable time unless 
the cause of the delay is known. 

The Wire Chief shall gee that the prescribed routine tests 
and inspections in connection with the C. I. equipment are carried 
out in accordance with the instructions issued. 

Use of Smerftency Equipment . 

In order that the emergency equipment may be kept in 
proper condition, it shall be used for one hour daily at one of the 
positions. The Wire Chief shall see that this is done at a time 
convenient for the Traffic Department. 

To substitute emergency control circuit for regular 

circuit 

1. Connect emergency indicator lamps to the position. 

2 . Operate " 2 " key while no display key is depressed. 

To restore regular control circuit to service:- 

1. Restore "B" key while no display key is depressed. 

2. Remove emergency indicator lamps from position. 

Peg Count Readings. 

Members of the Plant Porce who have occasion to make any 
tests involving the operation of any C. 1. Pos. peg count register 
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shall give to the Traffic Department a record of the Fob. Bo. , the 
number of calls registered, the date and time. 

0* I* Trunk Troubles . 

Trunk trouble discovered at the incoming office will be 
handled as follows: 

In certain cases it is important that a trunk be taken out 
of service as soon as possible in order to prevent trouble that might 
be caused by its being picked up on subsequent calls by selectors 
in the mechanical office. Accordingly, the Supervisor should be 
instructed in the Local Rulss for C.I. *B H Supervisors, to report 
troubles of this nature immediately to the Besk Switcliman at the 
outgoing office, who will make the trunk busy. 

In central offices where there is no Repair Clerk, the 
Supervisor, in all eases of trouble on C.I. trunks, whether she has 
reported verbally or not, will enter details of trouble on a C. I. 
trouble ticket and forward to Wire Chief in the regular way. 

In central offices where there is a Repair Clerk, the 
Supervisor will report all cases of trouble on C.I. trunks to the 
Repair Clerk, who in turn will enter details of trouble on a C. I. 
trouble ticket and forward to Wire Chief. 

In central offices having trunk cards the Repair Clerk 
will make entries of trouble as required by the Wire Chief. 

The Desk Switchman at the outgoing office will test each 
trunk reported to him with the Beskman or Insideman at incoming 
office, locating the trouble in or out of the incoming office. 

If trouble is outside the incoming office, the Desk 
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Switchman shall be responsible for having it cleared. 

Trouble discovered at the outgoing office and located in- 
Bids the incoming office will be referred by the Beak Switchman to 
the Beakman or Insideman at the incoming office who will enter 
necessary details, including referred ticket number, on a C. I. 
trouble ticket. 

Inside trouble ahall be cleared and the neoesoary rscordc 
posted by t »e Insideman instructed under Recording of Trouble 
and Classification of Trouble Reports. After trouble hae been 
cleared the Insideaftan or Beeknian ahall notify the Bash Switchman 
at outgoing office, who will test the trunk vith Supervisor 
at incoming office before removing the make-busy plug and placing 
the trunk in service. 

C. I. Position Trouble . 

Trouble common to a C. I. position will be reported at 
once verbally by the Supervisor to the Local Wire Chief or Repair 
Clerk. 





In offices where there is no Repair Clerk, the Supervisor 
will after reporting verbally enter details of trouble on a C. I. 
trouble ticket and forward to the Wire Chief in the regular way. 

In offices where there is a Repair Clerk, the Repair 
Clerk will enter details on a C, I. trouble ticket and forward to 
^i re Chief. 

^Vhen it is impossible to operate a position due to the 
failure of the regular equipment to function properly, the emergency 


equipment will be connected to the position by the Supervisor 
The Ineidemn shall clear tho trouble as quickly as 
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possible, notify the Supervisor when O.K. ana post the necessary 
records ae instructed under Recording of Trouble and Classification 
of Trouble Reports. 

Recording of 1 rouble Reports * 

Incident n shall enter on each trouble ticket the follow- 
ing details: 

Trouble found. 

Code letter of any reley oleaned, adjusted, 
repaired or changed, 

O.K, time. 

One of the class numbers obtained from 

the list given -belcr under Classifica- 
tion of Trouble Reports, (Omitted on 
reports from full mechanic*.? offices). 

In central offices* having trunk and position etrdn, 
IncideiLan shall make entries sa required by the ^ire Chief. 

Clao si flection of Trouble Reports . 

All trouble reports received from the Traffic Department 
shall be classified in accordance tfdth the nature of the trouble 
and the equipment reported in tixmbl* by the ^ntxy of a class 
number on each trouble ticket. This entry shall be wade by 
the Insideman who will obtain the class number from the following 
list. Only one class number shall be entered on a trouble ticket. 

1. A position completely out of nerviee due to 
machine switching apparatus trouble where the use of the emergency 
equipment did not give relief and where the maintenance man had to 
be called to clear the trouble. 

Typical example 

Ground, open or cross on the emergency koy. 
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2. Same an 1, but emergency equipment gar* relief. 

Ty pi cal exaiapl o : - 

Trouble in relate corrar.cn to the position. 

3. &*^.e a* 1, ’but quickly restored to service “by the 
Traffic Department without wring the emergency equipment. 

Typical example 

Call indicator lamp burned out. 

4. A position or a £roup of trunks completely out of 
service due to other than machine switching apparatus troubles. 

Typical examples:** 

Busy test trouble. 

Uo generator. 

5. Trouble experienced on a call before completion 
of connection. 

Typical example 

Mutilated number. 

6. Trouble experienced on a call after completion of 
connection. 

Typical examples 
Cutoff . 
tfolsy. 

Poor transmission. 

7. Other troubles. 

Summary of Tro ub les Reported and Cleared . 

The 7ire Chief shall forward daily to the main office, a 
summary of troubles reported and cleared, the eummary to be compiled 
from the trouble tickets and routine test and inspection sheets in 
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accordance with the following inet ructions. 

The form headed "Call Indicator - SUMMARY OP TROUBLES 
REPORTED AND CLEARED" shall he used by the Wire Chiefs of manual 
offices haying C. I. equipment to summarize 

(a) Trouble reports on tickets received from the 

Traffic Department. 

(b) Troubles cleared as a result of the investiga- 

tion of reports from the Traffic Department 
and of referred troubles from mechanical 
offices. 

(c) Troubles cleared on routine tests and inspections. 

The summary shall include all reports and troubles 

found during the 24 hours of the previous day. The date of the day 
covered by the summary shall be entered in the space at the upper 
right hand side of the form. The words "week" and "month" shall 
be crossed out. 

The form is divided into two parts, one for trouble 
reports and the other for troubles found and cleared. Under 
"Traffic Reports" shall be summarized the number of trouble tickets 
involving call indicator equipment only received by the Plant Force 
from the Local Traffic Department. Under "Troubles Cleared" shall 
be summariz3d troubles cleared on call indicator equipment only as 
a result of investigation of reports from the local Traffic De- 
partment and of referred troubles from mechanical offices; also 
troubles cleared on routine tests and inspections. 

The information with respect to classification and 
tabulation given below shall be followed in compiling the summary. 
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After the call indicator trouble tickets received during 
the report period (at present one day) have been segregated, the 
nmaber of tickets in each class shall he determined and entered 
on the form under "NO. OF REPORTS." In ease of duplicate reports 
from the Traffic Department, caused by one trouble, all tickets 
involved shall be counted. 

Troubles reports referred from mechanical offices shall 
not be included in the summary for C. I. offices as they will be 
included in the summary for the mechanical offices. 

A Trunk Group shall be considered to consist of all 
the trunks from one mechanical office unless these trunks are 
divided into two or more sub-groups each of which is controlled by 
a separate make busy circuit. Each group of trunks controlled by 
one make busy circuit shall be considered to be an independent trunk 
group. 

A Position shall be considered to be a "B" position 
equipped and used for handling call indicator calls. The Traffic 
Department shall be consulted with reference to positions out of 
service. 

An Incoming Trunk shall be considered to be & trunk 
operating on the call indicator basis. Trunks belonging to groups 
that have been out of service during the entire period of the re- 
port shall not be included. 

The total number of reports shall be entered in the Bpaces 
provided, marked, "Totals". 

All troubles found as a result of the investigation 
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of trouble reports from the local Traffic Department and of referred 
troubles from mechanical officee; also all troubles found on routine 
tests and changed or repaired apparatus found on inspections shall be 
included in the summary of "Troubles Cleared*, except troubles found 
on the following:- 

Routine Testing Equipment. 

Cable Conductors. 

Arresters. 

K, D. 1*. Cross-connections. 

Busy Back Equipment. 

Subscribers* Line Troubles. 

A trouble cleared which lias caused more than one report 
and has been entered on each report shall be ceunted as one trouble 
cleared. For example:- Six trouble reports may have been caused by 
a defective indicator lamp and the record taken from the tickets 
separately would indicate six lamps changed. Care should be taken, 
therefore, not to enter duplicate reports of trouble cleared. 

"Test O.K. • s* , “Found 0.£. *8° or "Trouble Disappeared* 
reports are not to be tabulated in this summary. 

For use in compiling this summary, the following list of 
relays, used on call indicator equipment classified according to 
type or relay, should be used. 


m 
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CALL INDICATOR RELAYS 

CLASSI FI ED ACCORDING TO CODE LET TER AKD TYPE 
This list is for use in compiling the summary of troubles 
found and cleared. 

Trunk Relays . 

Code Letter Type Code Letter Type 


A 

B 

R-S 

E 

AL 

E 

R C 

E 

I 

E 

S 

B 

I -A 

32 

S-l 

B 

K 

E 



KB 

E 



X-A 

E 

S L 

E 

K-I 

E 



LX 

E 



R-l 

#114 



R-2 

E 





I 
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Saatrol Circuit Relay. 




Code Letter 

M 

Code Letter 

Type 

A 

E 

H 0 

E 

A-l 

E 

HO-1 

B 

A- 2 

E 

HO- 2 

B 

A- 3 

E 

I C 

E 

A- 4 

E 

K C 

E 

B 

E 

L L 

E 

B-l 

E 

LL-1 

E 

B-2 

E 

H G 

#208 

B-3 

E 

MG-1 

#208 

B-4 

2 

P C 

E 

C 

S 

S H 


C-l 

E 

SH-1 


C-2 

S 

S T 

E 

C-3 

E 

ST-1 

S 

C-4 

E 

T 

S 

B 

E 

T-l 

E 

D-l 

S 

TH 

E 

B-2 

E 

TH-1 

E 

B-3 

E 

U 

E 

B-4 

2 

U-l 

S 

H 

E 

W 

B 

H-l 

B 

Z 

E 

following is 

a general description of the 

classification 


of troubles found which is to be used in compiling the "TROUBLES 
CLEARED" summary. 
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Cleaned. 

Under "Cleaned," include all troubles cleared by the 
removal of foreign substances from contacts or other parts of 
equipment that prevented the proper operation of the circuit 
involved. 

Adjusted. 

Under "Adjusted," include the adjustment of any part 
of the equipment to cause its proper mechanical or electrical 
operation, 

Repaired . 

Under "Repaired," include the changing of a defective 
part without removing the equipment from its location, such as 
a carbonised bushing or washers or burnt relay contact spring. 
Changed . 

Under "Changed," include the changing of a defective 
piece of apparatus such as relay or resistance with an open wind- ' 
ing, an open lamp or a defective switchboard cord. 

Open 'firing . 

Under "Open Wiring," include also loose, corroded or 
resin connections. 

Crossed Wiring . 

Under "Crossed string," include terminals of relays or 
key 3 bent so as to touch each other, as well as the usual crosses 
caused by solder or wire clippings. 

Miscellaneous . 

Under "Misc.," enter all troubles found on equipment not 
mentioned elsewhere in the suii^iary. such as blown fuses (when cause 

is not known). 
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Call Indicator 

SPM f AFY OP THCTT B X^S B TT r p OBTOD ATO CLEARED 


Day 


City 


Week 

Month Ending. 


T raffi c Beportf 

Max. Ho* of incoming trunks in perries 
Max. Ho. of positions in service. 

Ho. of calls handled No. of Ho. of calls per 

Ho. of positions out of service due to:- Reports Pos. out of service. 

1 Mach. Sv. Emer. equipt.does not relieve 

2 * • • * relieves 

*3 " " quickly r* stored hy traffic 

2 Not" * includes also trunk groups 

out of service. 

Totals 

J5 Troubles on uncompleted connections 
2 • " completed " 

Totals 

7, Other troubles 

Grand r otal Reports 


Troubles Cleared 


Relays 



■o 

0) 

u 

‘H 

aj 

P< 

I > 

w 


*3 

© 

to 

I 

S 


Mi sc. 
Bquipt. 


•u 

■d © 

© 4» 



"B* 

»ge 

No. 

No. 


Type 
Type 
114 
20 s 


til 


Trunk Key 
Mi sc. Keys 

Emergency jack & plug 

7. amp 

" Socket 

8vbd. cords & plugs 
Opr. cords & plugs 
Resistance coil 
Mice. Coils 
Receiver 
Transmitter 
Condenser 
Open Wiring 
Crossed Wiring 
Miscellaneous 


Totals 


Repaired 
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Men working on outside lines, cables or cross connections 
in a city hav ng machine switching equipment should be cautioned to 

be especially careful about crossing, grounding or opening even 
momentarily, working cable pairs whether subscribers or trunk. 

In manual equipments, about the worst interference with 
service than can be caused by momentary interference with working 
pairs, is a momentary cutoff or a temporary interference with 
supervisory signals* 

With machine switching equipment, on the other hand, sines 
selecting pulses are being sent over lines or trunks, interference 
may cause wrong numbers to be selected* 

Moreover, since connections are held by the flow of cur- 
rent through relays, a temporary interference, which might with 
manual equipment merely cause the supervisory signal to give a 
temporary wrong indication, might with machine switching cause a 
cutoff* 

There is also another difference applying to interoffice 
full mechanical trunks namely that a temporary ground on the tip side 
of an idle full mechanical trunk or a temporary cross between tip 
and ring will throw the incoming selector off normal and it will not 
return* A subsequent call picking up this off normal selector is 
therefore interfered with* 

Since in full mechanical systems supervision Is given over 
trunks by reversing the direction of current flow especial care 
should be taken in making cable changes not to reverse trunk pairs. 
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